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Note on the coal of Mach (Much) tn the Bolan pass, and of Sharig or Sharigh on 
dhe Harnat route between Sibi and Quetta, y W.T. Bianrorp, F.R.S., Senior 


Deputy Superintendent, Geological Survey of India. 

When on the way, in October 1881, to examine the hill tracts north of Sind 
and west of the Punjab, I received instructions to examine two localities at which 
coal had been found, one on each of the routes between Sibi! and Quetta. One 
of these localities, that at Mach on the Bolan route, had already been visited and 
described? by Mr. Griesbach, but after his examination fresh discoveries were 
made. As will be seen however, my conclusions as to the valuo of the coal seams 
are practically the same as Mr. Griesbach’s. The other locality, Shardég or 
Sharigh on the Harnai route, along which it was at one time proposed to lay a 
railway to Quetta, and which lies to the eastward of the Bolan pass, had not 
previously, so far as I am aware, been geologically examined. 

My visit to both localities was necessarily very brief, but still I think suffi- 
cient to enable me to judge of the probability of their affording fuel on a large 
scale. My opinion, I regret to say, is unfavourable. 

It is unnecessary here to enter at any length into the geology of the beda’. 
Mr. Griesbach has already shown, quite correctly I believe, that the coal of Mach 
belongs to the lower part of the eocene system. The position of the Sharfg 
beds is not so clear*, but that they belong to the same system is unqnestionable. 
The similarity in mineral character of the beds associated with the coal’ in both 
localities is so great that there is probably very little, if any, difference in age; 


=»! The terminus at present of the railway. 
* Report on the geology of the section between the Bolan pass in Biluchistan and Girishk in 
Southern Afghanistan, Mem. Geol. Surv. India, Vol. XVIII, Pt. 1, p. 22. 
® I hope to be able to give a fuller account of the geology of the country in a future report. 
* I had not time to examine fully the surrounding country. 
© I may be possibly questioned whether the mineral found a6 Mach and Shardg should be 
called lignite or coal, but as the latter term has been generally used, I shall retain it. The sub. 


stance is certainly not a typical lignite. 
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but the occurrence of coal or lignite beds in the eocene deposits of Western 
India appears to be local and occasional, and it is not as yet ascertained that all 
such deposits are on the same horizon. 


It will be well briefly to describe each locality separately, and to commence 
with Mach. 


Mach (Much).—The camp known as Mach, between Sir-i-Bolén and Ab-i-gim, 
is four marches (about 45 miles) from Quetta, and six marches (about 65 miles) 
from Sibi. The elevation above the sea-level is nearly 4,000 feet. Hills occur 
to the eastward and westward, but for about 2 miles east of the camp, ard for a 
much longer distance to the northward, the surface is nearly a plain, much 
covered by deposits of gravel, and intersected by deep ravines, in some of which 
sections of the rocks associated with the coal are seen. A particularly good 
section is exposed in a stream bed running from the north to join the main Bolan 
river just opposite the Mach camp. This stream is the Maki Nadi of the map, 
and is, I think, that called the Mach river by Mr. Griesbach, on the bank of 
which he measured the sections given in detail in his report! Here several beds 
of coal occur, but very few, if any, of them exceed a foot in thickness at the 
outcrop’. 


The beds associated with the coal consist of grey and olive shales, weathering 
into clay at the surface, sandstones mostly very soft, and a few harder calcareous 
beds, containing marine (or perhaps estuarine) fossils, chiefly bivalve shells 
(Lamellibranchiata) in great abundance, but not of many species. The sections 
already mentioned in Mr. Griesbach’s report afford a general idea of the rocks. 

All the beds are greatly disturbed, and in places irregularly contorted, and 
the dips are, as a rule, very high, and frequently nearly or quite vertical, 

Precisely opposite to the camp at Mach, in the bank of the main or Bolan 
stream-bed, a thicker seam was found® after Mr. Griesbach’s visit. Into the 
outcrop of this seam, at the base of the bank, some holes had been made, from 

two of which, only a very few feet apart, coal was being dug at the time of my 
visit. The thickness of the seam exposed was 2 feet 8 inches in one hole, 2 feet 
4 inches in the other, as nearly as could be ascertained under the circumstances, 
the holes being small and irregular, no good face of the coal exposed, and a con- 
siderable quantity of water running in from the gravel in the stream bed. But 
of the thickness named, the uppermost, 6 to 8 inches, was very shaly and impure 4; 


1 Op, ott., pp. 28, 24, 

* Many of the seams are excessively decomposed at the outcrop, and would perhaps prove 
rather thicker if cut into. 

® By Captain Johnson, Commissary of Ordnance. This officer had unfortunately left Mach 
before I arrived, and I found no officer stationed at the post, 

* The following is an analysis by Mr. Mallet :— 


Moisture we «=O 
Volatile matter (oxclusive of moisture) w $3888 
Fixed carbon __... ae ens » 176 
Ash “ee oe see we «866 


tae mete | 


100°0 
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whilst the lower, 2 feet or rather less, were of better quality. An analysis of a 
fair sample by Mr. F, R. Mallet gives— 


Per cent, 
Moisture! aan j wee w. 109 
Volatile matter (exclusive of moisture) ... we §=38-1 
Fixed carbon a6 ace i we «410 
Ash - ir ve ww» 150 
100°0 


The ash is red, indicating the presence of iron pyrites in the coal. 

The seam, where cut into, dips about 50° to the north. Ten or 12 feet 
above it is another much thinner bed, and 12 feet higher another, consisting of 
several bands of coal, measuring in the aggregate perhaps 20 inches, distributed 
through 4 to 5 feet of shale. None of the separate bands of coal exceeds 6 
inches in thickness. Several other thin seams occur higher in the section. 

There is much reason to suspect that the thickness of the principal seam is 
not uniform. It appears to vary in the few feet exposed, and so far as could be 
learned from the native workmen, who had been engaged in digging coal from 
it, it thins out to the westward. The associated clays can be traced for some 
distance, but no distinct outcrop of the thick seam is exposed. In the opposite 
direction to the east and north-east, all outcrops are concealed by the gravel in 
the bed of the stream, ; 

Shardg or Sharigh.—The camp and military post marked as Shardg on the 
map, but commonly known as Sharigh, lies at a distance of four long marches 
(about 70 miles) from Quetta, and of five marches (about 80 miles) from Sibi, 
at approximately the same elevation (4,000 fcet) above the sea as Mach, in the 
middle of a plain extending to a great distance to the north-west and south-east, 
and broader than usual, being probably 7 or 8 miles from north to south, at the 
spot selected for the camp. 

The principal place where coal occurs? is about 3 miles south of the post 
and close to the hills forming the southern boundary of the plain. A small 
stream, the Siah Dad, running from the plain, cuts its way through the hills 
to the southward, and close to the spot where it enters the hills a much smaller 
stream runs in from the west, and exposes in its bed an excellent section of the 
rocks, which are imperfectly seen in the Siah Dad itself. As already mentioned, 
these rocks are similar in character to those of Mach,—soft grey or olive shales, 
more or less sandy, and weathering into sandy clays at the surface, soft sandstones 
and hard caleareous bands contaiming fossils. All are verticalor nearly so. In 
a measured section of about 370 feet of these strata, there are about thirty beds 
‘OY toal, the great majority less than 6 inches thick, and many only 1 or 2 inches. 
Only four beds equal or exceed a foot in thickness, and of these, two are chiefly 
composed of shales. The thickest seam measures 1 foot 9 inches. Fair samples 


1 Water that is driven off ué a temperature of 280° Fahr. 

2 I was more fortunate at Sharég than at Mach, for at the former Major Newport, of the 24th 
Bombay Native Infantry, the discoverer of the coal, still commanded the post when I visited it. 
He took me over the ground and gave me all the information in his power. 
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of this seam (No, 1), the quality of which is superior to that of most of the 
others, and of a thinner band 8 inches thick (No. 2), have been analysed by 
Mr, F. R. Mallet with the following result :— 


No. 1. No. 2. 
Moisture . ; . 68 3°0 
Volatile matter laxilusive of secigbaee) . 408 42°8 
Fixed carbon . : ; ; , . 476 46'1 
Ash . : : ‘ : ‘ ‘ . 48 81 

100° 100-0 


No.1 does not cake, and yields a red ash ; No. 2 cakes to a light porous coke, and 
yields a red ash. 


In another spot, three quarters of a mile further north, and consequently nearer 
to the camp at Shard&g, the outcrops of several thin coal seams are seen in the 
banks of a stream bed, The coal-bearing rocks are probably the same as those 
to the south, repeated by a roll of the strata. Again, the dip is nearly vertical. 
One bed of coal was seen a foot thick, and of good quality. It was possible to 
trace the outcrop of this seam on the surface of the ground for about 350 yards 
by the aid of a conspicuous band of highly fossiliferous sandstone abounding in 
bivalve shells, and occurring just above the coal. Within the distance named, 
the thickness of the cowl seam diminished, until it was only represented by a 
layer or two, scarcely an inch thick, in carbonaceous shale. This was the only 
instance in which the outcrop of a coal-bed could be traced more than a few 
yards, and it affords strong presumption of the inconstancy in thickness of 
these seams,—an inconstancy which has been observed in similar deposits 
amongst the eocene rocks of other parts of India and Burma. 


The country around Sharig has been searched in all directions by Major 
Newport without any other outcrops having been found. But about 7 miles 
east-south-oast of Sharag, on the road to Harnai, three little seams are exposed 
200 or 300 yards north of the road in a small stream running from the north. 
One of the seams is 7 inches thick, the others 1 to 2 inches. A little further 
on tho Harnai road, a thin coaly layer is seen by the road side. Again, on the 
same road, about 3 miles ecast-south-east of a small village called Nasuk, and 
12 miles from Sharag, in a section cut by a small stream close to the road, and 
on the north side of it, four little seams are seen,—tho two upper mere layers, the 
third 8 inches thick, and the fourth, separated by 5 inches of clay from the 
third, 3 inches in thickness. In all these cases the beds aro nearly horizontal. 
Theso outcrops, all observed in the course of a smgle march along the road, render 
it highly probable that many more would be discovered if a thorough exploration 
of the country were undertaken; but at the same time they do not add tothe 
probability of thicker beds of coal being found. 


The details given above lead to the following conclusions :— 

1. Not a single soam has been discovered, either at Mach or Sharag, thick 
enough to pay for mining on a large scale, oven if the thickness of the seam were 
known to be constant, and if other circumstances were favourable to ile 
neither being the case. 6 
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2. The evidence is very imperfect, but so far as it extends, it appears probable 
that the seams are inconstant in thickness, and thin out within short distances. 


3. The conditions under which the seams occur at Mach and Sharég are un- 
favourable to mining, though not such as to render it impracticable. In the first 
place, the beds dip at high angles and are often vertical. There is, however, 
much probability that by search other localities might be found where the dips 
are moderate, as in the case of the little seams noticed between Harnai and Sharag. 
Secondly, the associated rocks are so soft that mining would involve the necessity 
of heavy timbering or of masonry to protect the means of access to the mine. 

4, The analyses given above, and especially those of the Sharig coals, show 
that the mineral found would be of considerable value, if it could be procured in 
sufficient quantity. It should be remembered that the specimens analysed are 
taken from the outcrop, and that at a little depth below the surface the quality 
of the coal would in all probability be better. 

A railway could be worked with such fuel, although the work done would be 
less than that yielded by coal containing a larger proportion of fixed carbon. The 
quantity of iron pyrites in the different seams is probably variable, but in those 
especially examined, it does not seem sufficient to prevent the coal being used 
for a railway. 

It is evident that a considerable quantity of useful fuel for local purposes can 
be procured from the outcrops of the seams. So far, however, as can be judged 
from the facts hitherto known, the supply obtainable is insufficient for a large 
work such as a railway. 


New faces observed on Crystals of Stilbite from the Western Ghats, Bombay; by 
F, R. Matter, F.G.S., Geological Survey of India. 


During the construction of the Great Indian Peninsular Railway, when very 
heavy cuttings and tunnels were being driven through the trappean rocks of the 
Bhor and Thul Ghats, magnificent specimens of zeolites were brought to light in 
great profusion. The species occurring most abundantly were stilbite, apophyllite, 
heulandite, and scolecite, all of which were represented by splendid crystalliza- 
tions', Large collections were made at the time by Mr. W. T. Blanford for the 
Geological Museum, where the finest specimens are now included in the system- 
atic collection of minerals. 


Most, if not all, of the stilbite specimens fall under one or other of four 
types? :— 
1st.—Salmon-coloured crystezls, generally of considerable size—very 
commonly, for instance, an inch, and sometimes two inches across (in the 
“direction oc P oc). They have the faces cc P oc. cc Poc. P., and are not un- 
commonly somewhat (but not highly) sheaf-like, from the aggregation of simple 
crystals into compound ones. They are generally (but not always) implanted by 
one end, and hence usually present only one pyramidal termination. Crystals of 
this type are frequently thickly grouped, occurring either alone, or with apophyl- 


1 Manual of the Geology of India, p. 304. 


: ? Excluding lamellar spec.mens, in which the crystallization is obscure, 
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lite, which not uncommonly takes the form of minute crystals implanted on the 
surface of the stilbite. Quartz, &c., is also found in the same association, but 
not so frequently. In other cases the stilbite occurs in isolated crystals of the 
type in question, being then very usually associated with large, thickly grouped, 
crystals of apophyllite. 

2nd.—Highly sheaf-like forms, sometimes so much so that viewed on the 
face cc P oc they have the appearance of a fan, or in the comparatively rare 
cases where both ends of the crystal are free, of two fans with the points 
together: the crystals are commonly of considerable size, averaging say one-half 
to one inch across. They are generally thickly grouped, but sometimes occur 
singly. They occur either alone, or associated with henlandite, apophyllite, 
scolecite, or with crystals of the third type. 


3rd.—Thin tabular crystals of comparatively small size (more commonly a 
quarter to an eighth of an inch across, sometimes much less) ; non-sheaf-like, 
or very slightly sheaf-like in form, and exhibiting the combinations oc P oc, 
oc Boe, P. and oc P oc. cc P oc. cc P,P. They occur alone, and with apophyllite, 
heulandite, scolecite, and perhaps other minerals. In one case small crystals of 
this kind were observed implanted on large ones of the first type, showing that the 
former were of later formation, The crystals of the second and third types are 
white. 


The crystals of the fourth kind, which are by far the least common, occur 
on the surfaces of cavities which are lined by minute crystals of quartz. No 
other zeolites are associated with them (except in one specimen which includes 
apophyllite). They are salmon-coloured ; of considerable size, averaging say half 
an inch across; generally tabular and non-sheaf-like, or very slightly sheaf-like 
in form. Generally they present the faces oc P oc.oc Poc.ce P, P., but in some 
there is also a face replacing the edge between oc P ccand P. The parallelism of 
the edges between this face and oc P oc. &P., respectively, shows that the formula 
for the face in question is m P m. Stris and irregu- 
lerities on oc P oc. and P. prevent more than roughly 
approximate angular measurements. Form P m A P. 
the value 152°{ was obtained. A more reliable result, 
however, can be deduced from the observation that the 
plane angles formed by the edge between m P m. & oc P. 
with the edges between m P m. & oc Poc. andm Pm. & 
P, (all of which edges are straight and sharply defined) 
are either right angles er extremely close approximations 
thereto. Assuming them to be actually right angles the 
calculated value of m Pm A P. is 154° 35’, giving<w 
value for m of 2°5098, or a close approximation to $. 
Taking m at, the value of the angle m P m. A P.is 
154° 41, the plane angles formed by the edge between 
m P m. &cc P. with the edges between m P m. & cc 
Fa P oc. and m P m. & P., respectively, being 90° 8’ and 

89° 52’. 
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The value of the following angles therefore are— 
BPs A P1548 41’ 
8 Ps A cc Poc.=145° 41, 

On one crystal there is also a face m Pm replacing the edge between $ Pp & 
andoe Poc, The value of m is much greater than $, but owing to the position of 
the crystal in a cavity, it is impossible to get even a rough measurement of the 
angles between m P m and the adjacent faces, without destroying the specimen. 

Professor Heddle has noticed the occurrence of a face replacing the edge 
between oc P oc. and P. on crystals of stilbite from Dumbartonshire, and from 
near Mount Nombi in Australia. He obtained the value 149° 45’ to 150° for the 
anglem Pm. A oc P oc. in the Scotch specimens, and 152° 32' to 153° in the 
Australian. These results, however, he considered little better approximations, 
and he felt little doubt that the face was the same in the specimens from both 
localities'. The angles 149° 45’ and 153° respectively give a value for m of 
2:9266 and 3'3497, the angle when m equals 3 being 150° 22’. The probability 
therefore would seem to be that the face noticed by Professor Heddle is different 
from that on the Indian specimens. 

The total number of faces, which, as far as I have been able to ascertain, 
have hitherto been noticed on stilbite, are, oc Poc, oc Poc.oce P.P. OP., 
which are given in all mineralogical works; $ P ce. noticed by Des Cloizeaux 
on crystals from Bergen Hill (New J ersey)?; m Pm (3P 3 P) recorded by 


Heddle; § P § and m P m (m havinga high value) on crystals from the Western 
Ghats. 


On the traps of Darang and Mandi in the North-West Himalayas,—By Colonel 
C. A. McManon, F.G.S. (with two plates). 


The occurrence of intrusive traps in the lower Himalayas is mentioned at 
pages 21 and 70, Vol. III, Memoirs, Geological Survey, and at pages lvii and 
606, Manual of the Geology of India, whilst notices of the trappean rocks of 
Darang (Drang ) and Mandi will be found at pages 58, 59, and 61 of Vol. III 
Pt. 2 of the Memoirs. 

Doubts have at different times been expressed regarding the origin and nature 
of the traps described in this paper. At one time there was a tendency to regard 
them as metamorphic rocks ; and although in the passages referred to they are 
spoken of as ‘traps,’ and are described as occurring along a definite horizon, they 
do not appear to have hitherto been recognised as true lavas. The microscope, I 
think, enables us to set any doubts upon this point at rest. 

I have examined 26 slices* of the trap, of which the ridge to the east of 


Darang is composed, and 9 slices of the trap, in the same line of strike, exposed 
in the bed of the Suketi at Mandi. 


} Mineralogical Magazine, Vol. IV, p. 44. 
* Manuel de Minéralogie, Tome I, p. 416. 


3 Prepared for me by Mr. F, G, Cuttell, 52, New Compton Street, Soho, whose workmanship 
leaves nothing to be desired. 
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It would be wearisome to the reader were I to describe each of these slices, but 
I think it desirable to describe several typical specimens in some detail, and this 
I now proceed to do. 

No. I.—A greenish-grey rock : specific gravity 2°89. It has rather a mottled 
appearance under the pocket lens, owing to the alteration of a portion of its 
mineral contents into delessite, or a mineral approximating to delessite. A portion 
of the rock is soluble in hydrochloric acid, and the dissolved portion contains 
both ferric and ferrous oxide. A few crystals of iron pyrites are to be seen. 

Appearances under the microscope.—This slice may be described as a net-work 
of felspar and augite crystals set in viridite, which in part appears to represent 
the original glassy base’. 

There are numerous crystals of augite scattered through the slice. Portions 
of each of these crystals have been altered into brownish-green granular matter. 
The portions which have escaped alteration are clear and colourless in trans- 
mitted light and polarise fairly well. They are not dichroic; several of the 
crystals are twinned, and many of them exhibit the orthodiagonal cleavage lines 
very distinctly. 

Most of the felspar crystals exhibit the characteristic twinning of triclinic 
felspar in polarised light, and their optical properties agree with those of labra- 
dorite. Alteration has been set up in the felspar, and has declared itself by 
the presence of granular matter in the body of the crystals. 

The grouping of the felspar crystals, and the general effect of the slice when 
seen by transmitted light, is illustrated in fig. 1, plate I. Itis very characteris- 
tic of an eruptive rock. 

The viridite, in this slice, is of pale green colour. It is feebly dichroic in 
patches, and, for the most part, remains dark between crossed nicols. It exhibits 
little or no fibrous or radiating structure. 

Scattered through the mass is some white mineral matter that is perfectly 
opaque in transmitted light, and which, from its appearance and ‘mode of occur- 
rence, is I think, leucoxene, a product of the alteration of ilmenite. 

No. 2.—A greenish-grey rock. Specific gravity 2°90. It has a slightly mot- 
tled look under the pocket lens, but minute prisms and irregular crystals of 
felspar are visible in it here and there. 

Microscopic aspect.—The most prominent objects in the slice are the crystals 
of felspar, of various sizes and shapes, starred about in the field of the micro- 
scope. The great majority are distinctly seen to be crystals of triclinic felspar, and 
the others appear to belong to that system also. They are in fairly fresh condi- 
tion. Fig. 2, plate I, is a representation of a portion of this rock, as seen under 
the microscope by transmitted light. 

Those who are not familiar with the subject of microscopic petrology, may¢~. 
surprised to find that the prisms of felspar, represented in these illustrations, do 
not present more regular forms. It must be remembered, however, that the princi- 
pal axis of crystals in an igneous rock usually point indifferently in all directions, 


1 This supposition is confirmed by an examination of the basalts of Bombay, to bo described 
in my next paper, Inthe Bombay lavas the conversion of the dase into viridite can be distinctly 
traced, 
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and a slice made at random cuts tho crystals containcd in the matrix in every 
conceivable direction. For instance, in fig. 10, plate IT, supposing a slice of tho 
crystal therein represented were made in the direction from a to b, the outline of 
the section, as seen in the field of the microscope, would present a considerable 
modification of the true shape of the crystal. 

Other causes also operate to produce irregularities of shape. Crystals form- 
ing in the proximity of other crystals appear to be sometimes stunted in their 
growth owing to crowding; whilst the different degrees of crystallographic 
energy with which the constituents of differont minerals come together appear to 
exercise more or less influence on crystals forming in their vicinity. The want 
of perfect molecular freedom, when an eruptive rock is rapidly cooled at the 
surface of the earth’s crust, must also affect the results. This freedom of mole- 
cular action becomes less and less as the cooling proceeds; hence crystallisation 
is often arrested before the outward form of a crystal is finished ; portions of tho 
magma are cooled before the chemical elements contained thercin have had time 
to combine to form crystals—lcaving here and there what is termed a “ glassy 
base.” The molecules of other crystals, again, coming together with energy, and 
being, so to speak, pressed for time, catch up portions of the glassy base and 
small crystals of other, previously formed, minerals, and enclose them in their own 
substance. 

Another cause to which irregularities of outward shape are duo, is the altera- 
tion which mincrals undergo, after the consolidation of the rock, by the passago 
through it of acid and heated water. Cracks are formed both in the body of the 
rock, antl in individual crystals, by the contraction due to cooling and to crystal- 
lisation, and along these fissures heated and acid water, or stcam, penctratcs ; 
chemical action is set up, and, amongst the results, the outward form of crystals 
is often much altered. 

The slice under consideration contains a good specimen of those radiating and 
cruciform groups of felspar crystals which are so characteristic of eruptive rocks. 
Some of the radiating prisms exhibit the twinning characteristic of triclinic 
felspars. The twins appear to be arranged in groups, in cach prism, and tho 
whole combined as penetration twins. A sketch of one of these groups is given 
at fig. 1, plate IT. 

No. 3.—A greenish-grey compact rock. Specific gravity 2°93. 

Microscopic aspect.—This slice contains numerous felspar prisms pointing in 
all directions. Most of them are distinctly scen to belong to the triclinic system. 
Numerous instances of stellate grouping of felspar prisms occur in this slice. 
One of them is depicted at fig. 2, plate II. Alteration has been set up in the 
felspar, and shows itself by the formation of granular matter and patches of 
Viidite in the interior of the crystals. 

Fields of pale amorphous viridite are abundant in the slice, and in them are 
located multitudes of epidote crystals, many of them presenting good characteristic 
crystallographic forms. They are principally located round the margins of the 
viridite fields. 

The remains of augite crystals are to be distinctly made out, but they have 
all been, more or less, converted into a greenish-brown non-dichroic substance. 
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Portions of the slice here and there are obscured by an alteration product, 
white in reflected and purplish black in transmitted light. 

Nos. 4 and 5.—A dull greenish, or greenish-grey, compact rock, weathering 
light brown, Specific gravity 2°83. Under the pocket lens it has a somewhat 
mottled appearance. 


Microscopic aspect.—The slice consists of crystals of felspar and augite starred 
about in what represents the original base or magma. This probably, as seen in 
many basaltic rocks—in the Bombay basalts and some Vesuvian lavas for 
instance—was originally full of minute grains of magnetite or ilmenite and 
imperfectly crystallised matter, and this has been changed into an alteration 
product which exhibits no crystallographic form. It is white in reflected and 
opaque in transmitted light. 

Augite in this slice is very abundant; twinning is common in it; sometimes 
the orthodiagonal cleavage lines are very distinct, whilst in other crystals the 
characteristic intersection of the prismatic cleavage lines is well seen. 

The unaltered portions of the augite are fresh and polarise well, but much of 
it has been transformed into a brownish-green substance. 

Fig. 4, plate II, is an illustration, taken from slice No. 4, of the way in which 
the augite crystals have been eaten up and converted into this substance. The 
fragments shown in the illustration appear to represent the remains of a group 
of augite crystals originally in close juxta-position to each other, but which 
-have now been split up into a little archipelago of augite fragments. The altera- 
tion which has taken place in these cases can be distinctly traced to the passage 
of water along cracks, and the alteration can be seen in all its stages in the slices 
under consideration. 

Fig. 7, plate II, represents a twinned augite in slice No. 4, in which great 
irregularity of outward form has to some extent, at any rate, been produced by 
the corrosive agency of acid water, but in which internal alteration through 
cracks has not proceeded as far as in fig. 4. Under the microscope the dark lines 
which traverse the crystal are distinctly seen to be little canals filled with the 
products of aqueous alteration. 

In many cases the alteration of the augite has resulted in the formation of 
mica. Fig. 5, plate IT, is an illustration of a case, taken from the slices under 
consideration, in which part of an augite crystal (a), the external outline of which 
has been rendered irregular by its change into a greenish substance, has been con- 
verted into mica, as at b; whilst another portion (c) appears to be in process of 
conversion into this mineral. Another illustration is given at fig. 6, plate IT, also 
taken from one of these slices, in which small fragments of augite are seen to be 
encased in mica. Doubtless the latter is an alteration product, resulting from the 
change of a large augite crystal, small fragments of which escaped conversion. 

The little canal-like cracks through which the corroding liquid originally gained 
access to the heart of the augite, are still visible, and an attempt to represent 
them has been made in the sketch. 

Mica is scattered about rather plentifully in these slices, and in transmitted 
light, it varies in colour from red to green. ; 
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Bischof! alludes to the conversion of augite into a brownish, or leek green, mica. 
Some augites contain as much as 11°05 per cent. of alumina (J. D. Danas’ “System 
of Mineralogy”) ; whilst, according to the same authority, some micas contain as 
little as 9°27 per cent. of that constituent. All that seems essential for the 
conversion of the one mineral into the other, is a removal of a large proportion of 
the lime from the augite and the introduction of the alkaline element—a process 
which one can readily understand taking place in the “‘ wet-way.” 

The felspar crystals have been so kaolinised and altered that all trace of twin- 
ning has been obliterated. 

I have detected one small prism of hornblende. It is probably an alteration 
product. 

No. 6.—A compact grey rock faintly tinged with green. Specific gravity 2°92. 

Microscopic aspect.—The base has been converted partly into an amorphous 
substance, bluish-white in reflected and olive green in transmitted light, and 
partly into granular viridite. In this base felspar crystals are scattered about in 
immense profusion, some in minute needle-shaped prisms, and others in prisms 
of some size. A large proportion of them exhibit the characteristic twinning 
of triclinic felspar. Some of the medium-sized crystals have caught up portions 
of the base in the act of crystallisation, and the portions so included conform to 
the shape of the felspar prisms. 

The slice contains some good-sized crystals of epidote. 

No. 7.—A grey, compact, amygdaloidal rock. Specific gravity 2°88. The cen- 
tres of the amygdala consist of quartz, the inner lining being sometimes composed 
of epidote. Epidote is also seen to line cracks and to abound in the vicinity of the 
amygdala, 

Microscopie aspect.—The slice consists of countless felspar prisms, starred 
about in a felspathic cryptocrystalline base. A large proportion of the felspar 
exhibits the twinning peculiar to triclinic felspar. A considerable amount of 
epidote is seen dotted about in small granules and in meandering lines, Here 
and there patches of viridite are seen throughout the base. 

Amygdaloidal cavities occur here and there, filled with quartz, epidote, and 
delessite. The quartz is greatly crowded with a fine dust of opaque matter, which, 
on the application of high powers, is seen to consist of a multitude of extremely 
minute gas and liquid cavities. 

A sketch of one of the stellate groups of felspar crystals before alluded to, 
contained in this slice, is given at fig. 9, plate II. The illustration shows the 
appearance of the group in polarised light with crossed nicols. 

For the sake of comparison, I have given at fig. 8, plate II, a sketch of a 
triclinic felspar group taken from «# slice of domite, in my possession, made from 
@ specimen collected by me on the Puy de Dome, Auvergne. All the radiating 
Prisms are seen in polarised light to be many times twinned, but they are 
arranged in groups which simulate the twinning of the Carlsbad type. 

I have often observed this peculiarity in plagioclase, and it appears to be 
produced by one set of twins being thick at one side of the prism and thin at 
the other side; whilst the second set of twins are thick on the side in which 
the first set are thin, and thin on the side in which the first set are thick. The 

1 Chemical Geology, Vol. II, p. 826. 
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effect of this peeuliar arrangement therefore is, that, when viewed in polarised 
light, one-half of the prism appears almost wholly dark, whilst the other half 
exhibits an almost unbroken sheet of colour; the twins which at that azimuth 
suffer extinction of light being very thin relatively to the twins which at that 
azimuth polarise in more or less brilliant colours. 

This arrangement may be traced in fig. 8 sufficiently, perhaps, to make my 
meaning clear; but I have attempted in this sketch to reproduce the general 
cffect, as far as that can be given in black and white, rather than these minute 
details of structure. 

Throughout the base are scattered granules of black opaque matter that 
appears to be magnetite arrested in the act of crystallisation. A sketch of one 
of these granules, as seen with the aid of somewhat high power, is given at 
fig. 11, plate II. Forms of this kind appear to me to indicate that the rock 
cooled rapidly under conditions that interfered with the molecules of the 
ferriferous mineral coming together in the form of a regular crystal. As pointed 
out by Dr. Sorby, there is a strong tendency on the part of crystals formed in 
slags to assume skeleton forms, and I have noticed that salts crystallised rapidly 
on a giass slide very frequently assume the sort of skeleton form shown m 
fig. 11, instead of regular crystals; each salt, speaking broadly, having its own 
pattern. Skeleton crystals of magnetite, similar to those occurring in these rocks, 
appear to be very characteristic of voleanie rocks and furnace slags’. 

A few flakes of a reddish mica are to be seen in this slice. 

» No. 8.—A prey, compact, amygdaloidal rock. Specific gravity 2°84. A red- 
dish mica is seen here and there in amygdaloidal cavities, associated with the 
other minerals therein. 

Microscopic charucters.—Prisms of felspar, much of which is distinctly seen 
to be triclinic, are scattered about in a fclspathic base. Amongst the felspar a 
striking caso of cruciform penetration twins is to be seen. The two arms of 
the cross intersect at an angle of 85°. 

A. considerable proportion of tho base is represented by minute patches of 
viridite, partly fibrous and partly granular. Scattered through it, there is a 
considerable amount of opacite in granules, representing, I apprehend, imper- 
fectly formed magnetite. It is similar in character and appearance to that 
described in slico No. 7. 

The amygdaloidal spaccs are plugged with quartz and viridite. In some, the 
viridite is seen by itself; in others an intergrowth of the two has taken place, 
granules of quartz being surrounded by the viridite in some cases, and in others, 
numerous patches of viridite of various sizes and shapes being included in the 
quartz. 

The viridite is in some places amorphous, and in others, in radiating or sheaf- 
like bundles of fibres. I believe it is in part delessite and in part chlorite. 
Round the margins of the chloritic inclosures in tho quartz it passes into the 
vermicular form of pro-chlorite. 

The quartz, which occurs both in the amygdaloidal cavities and filling what 
were apparently fissures, contains many flakes of a reddish mica. The quartz is 


3 Rutley’s Study of Rocks, p. 154, 
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remarkable for containing numerous very minute rounded liqnid cavities witlr 
moveable bubbles. 

From the fact that the quartz occurs in the amygdaloidal cavities and from its 
intimate intergrowth with the delessite, I see nothing to support the supposition 
that it is of fragmentary origin and has been brought up with the lava stream 
from below. On the other hand, though liquid cavities are very common in the 
quartz of granite and quartz-porphyries, I am not aware of their having been 
before observed in quartz plugging amygdaloidal cavities. Dr. Sorby mentions 
a solitary case of liquid cavities having been found in some trachyte of solid 
character at Ponza! which appears to have been formed under considerable 
pressure. They are, however, very common in quartz veins, and to their presence 
principally, Dr. Sorby attributes the usual whiteness of vein quartz. The quartz 
under consideration is of dull white colour and it probably owes its opacity and 
whiteness to the same cause. The presence of the liquid cavities in the quartz 
of slice No. 7, and in that under consideration, may, I think, be explained on the 
supposition that the lava stream after solidification was covered over for a con- 
siderable thickness by other lava streams, or by stratified deposits, and that the 
plugging of the cracks and the amygdaloidal cavities was accomplished with the 
aid of highly heated water or steam under pressure. 

There is a great thickness of trap exposed at Darang. 

Nos. 9 & 10.—A greenish-grey rock with numerous amygdaloidal cavities ; 
Sp. G. 2°77. 

Microscopic aspect.—The amygdaloidal cavities contain scolecite. The inner 
kernel‘of some is formed of calcite, whilst fissures in the scolecite are filled with 
this mineral. The study of these amygdala under the microscope affords an 
illustration of how one might often be misled by a chemical analysis. Viewed 
macroscopically the calcite would probably escape observation altogether. 

The base is cryptocrystalline, and it contains multitudes of tufts of a fibrous 
chloritic mineral. Numerous small patches of viridite are also to be seen scattcred 
through the mass. There are patches of a greenish mica both in the matrix and 
the amygdala. 

Granular epidote is plentiful. A fine group of epidote crystals is imbedded 
in the scolecite. 

The stellar arrangement of the felspar crystals may still be traced, but the 
felspar is a good deal altered, and no distinct indication of the twinning of the 
triclinic system remains. 

No. 11.—A greenish-grey compact rock, Sp. G. 2°81. There are numerous 
round lumps of delessite plugging what were apparently amygdaloidal cavities. 
Other such cavities are seen to Be lined with a dull reddish-brown mica. Tho 
centres of the cavities are filled with quartz. 

‘Microscopie aspect.—The slice consists of numerous crystals of felspar of 
various sizes starred about in a fibrous translucent ground mass, olive green in 


3 Quart. Journ. Geol. Soc., London, Vol. XIV, p. 484. 

? This is within the minimum for basalts, but it is probably somewhat under the mark owing to 
the presence of air in some of the unfilled or partially filled amygdalvidal cavities, The presence 
of scolecite and calcite in the latter must also affect the result, 
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transmitted light. More dense and opaque patches of the same material are 
dappled about in it in a spotty way, whilst, here and there, along what were ap- 
parently lines of infiltration connecting amygdaloidal cavities, it assumes a ropy 
appearance. 

Most of the felspar crystals are distinctly triclinic and are in prismatic forms 
affording rather sharp outlines. In some instances they have caught up portions 
of the olive green base in the act of crystallization, the base being moulded to 
the form of the felspar prism. 

Fig. 3, plate I, is a representation of a small portion of this slice, as seen in 
the field of the microscope. Annexed to a group of plagioclase felspar crystals 
one of the cruciform arrangements of felspar prisms, so often alluded to in the 
preceding pages, is seen to be attached. The arms of the cross intersect at an 
angle of 834°, and they exhibit the twinning peculiar to the triclinic-system. The 
two long dark lines in the group above the cross are portions of the base caught 
up in the act of crystallization. Theamount so caught up in the present instance 
is small, but occasionally, in some of the slices described in this paper, the amount 
is considerable relatively to the size of the prism. 

Some of the amygdaloidal cavities are plugged with delessite in fan-shaped 
and radiating forms; others contain, intermingled with the delessite, a mica, red 
in transmitted light, and a little quartz. 

Epidote is abundant, and occurs either in or connected with amygdaloidal 

avitics. 
Mandi Traps. 


The traps seen in the bed of the Suketi river at the town of Mandi occur in 
he line of strike of those at Darang. The ontcrop is here much thinner than at 
he latter place. 

I have examined seven sections of the Mandi trap made from chips and two 
rom slices of the rock. There is no perceptible difference in the character of 
hese specimens, and it will suffice to describe the two slices. 

Nos. 12 and13.—A dark-grey compact rock with a slight tinge of green in it; 
Sp. G. 2°88. 

Augite is abundant. Some of the crystals are fairly regular in shape and 
winning is common in them. A little mica is visible in these slices. 

A cryptocrystalline or partially devitrified base, forming irregularly shaped 
paces, is to be seen hero and there. The felspar prisms do not present sharp 
mtlines, and they are knolinised and decomposed. No trace of triclinic twinning 
s to be seen in them. 

The olive green ground mass has been partifilly converted into viridite, which 
8 only scen, however, in minute patches disseminated through the mass. rae 

The rock is evidently a lava that has rapidly cooled, the augite being the 
mly mineral that has had time to crystallise regularly and perfectly. 


Conclusion. 
The specific gravity of basalt ranges from 2°76 to 3, its mean specific 
ravity boing 2°90. The specific gravity of tho traps described in this paper 
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ranges from 2°77 to 2°93, their average being 2°86. The specific gravity test 
therefore points to these rocks being classed as basalts. 

The microscopical examination of thin slices supports this view. Augite is 
generally abundant in them; plagioclase forms a prominent component in most 
of the slices; and, in those in which the twinning peculiar to triclinic felspars 
is not visible, its absence is satisfactorily accounted for by the kaolinisation and 
alteration of the felspar. 

Olivine is usually one of the first minerals in a basalt to undergo decom. 
position, and it is often represented by a green product of alteration. Olivine 
has not been detected. Its presence was not to be expected in a rock which 
has undergone considerable alteration, and, moreover, though its occurrence 
is very common, it is not present in all basalts. None of the Bombay basalts 
I have examined contain any. 

Magnetite is plentifully represented in these slices by skeleten crystals 
arrested in the progress of crystallisation, and also by the secondary products 
of its decomposition. 

Mica often occurs in basalts. Its presence in these slices appears to be due 
to the alteration of some of the original minerals. 

The epidote, calcite, delessite, pro-chlorite, and scolecite, are also the 
secondary products of the decomposition of some of the original constituents 
of the rock. 

Quartz only occurs in amygdaloidal cavities and cracks, and its presence in 
such situations is not unusual. 

The mineralogical contents therefore of the thin slices examined under the 
microscope, agree with the specific gravity test, and show that those rocks are 
altered basalts. 

Basalts are classed as volcanic rocks, and the fact that the traps under con- 
sideration are abundantly amygdaloidal, and that the microscope reveals the 
presence in them of a glassy or imperfectly crystallised base, shows that they 
were consolidated at the surface of the earth’s crust. All the details of their 
structure corroborate this view, and I think they are without doukt altered 
basaltic lavas. , 


EXPLANATION OF PLATES. 


Prats I. 
Fig. 1. Portion of a slice of an altered basalt. Darang, in the Mandi State, 
North-West Himalayas. 
Fig. 2. Ditto ditfo. 
Fie, 3. Ditto ditto. 
Prats II. 


Figs. 1, 2, 3, and 9, illustrations of stellate grouping of felspar prisms, character- 
istic of eruptive rocks, and basalts in particular, taken from the 
Darang basalts. 


1 Rutley’s Study of Rocks, p. 254, 


a 
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Fig. 8. Another illustration of stellate grouping of triclinic felspar taken from 
a domite, Auvergne. 

Figs. 4 and 7. Augite crystals in process of alteration into a green product by 
the passage of corroding liquids through the rock. 

Figs. 5 and 6. Pseudomorphs of mica efter augite, taken from the Darang basalts. 

Fig. 10, Illustration showing the modified shape of sections of minerals, as secon 
in thin slices under the microscope. 

Fig. 11. Skeleton form of magnetite taken from one of the Darang basalts. 


Further note on the connexion between the Hazfra and the Kashmir Series—By 
A. B. Wynwe, F,.G.8., Geological Survey of India. 


Tho revent appearance of Mr. Lydekker’s latest paper on the geology of 
Kashmir (Rec. Vol. XV, p. 14) throws so much more light upon the question of 
the relations of the rocks in two'adjoining regions that I am tempted to offer a 
few further remarks in continuation of my last papers on Hazara. 

We are now enabled to extend the comparison which I applied to the then 
known Kashmir section (Rec. Vol. XII, p. 128, &c.), so as to embrace the actual 
continuation of the Hazéra rocks as they pass thence into Kashmir and Kaghaén 
as follows, the annexed list including all the main groups of the whole region 
on both sides of the Kunhar’-Jielum valley which appears to have been the main 
drainage outlet of the area from an early period :— 


HAZARA. ° KASHMIR AND KAGHAN. 
7. Murree Beds (probably ae miocene). 7. Murree Beds (miocene). 
6. Nummulitic. 6. Nummulitic. 
PREBUMABLE OVEELAP. OVERLAP AMOUNTING TO UNCONFORMITY. 

5. Cretaceous (feebly fossiliferous). &. Absent or unknown. 

oREMaS: UNDETECTED OR ABSENT. 
4 UNCONFORMITY, ? VERY LOCAL, 

Triassic upper and lower. 4. Trias and ? Jura. 
3, Infra-Triassic and Tandl group. 8. Carboniferous, 

Uxcoxrormity (Strona), UNOBSERVED. 

Attock Slate of Northern Punjab. Aqueous. 
: { Trap division absent. ] Silurian = { Traps. 

Schists. : Newer gneiss including representatives 
1 1 of 2 and 8. 

Gneiss (primitive). ; . Gneiss (primitive, Central), ae 


This comparison will ke seeti to preent some advance beyond that of my former 
paper ( Rec., Viol: XII, p. 128 ),#: which, as Mr. Lydekker observes, the schists of 
North Hazara:are not separately included, because his Kashmir sections quoted 
offered nothing with which to cpmpare them, and they could not be introduced as 


1 This Kunhar river is alzo galled the Nainsik; by which nante I fret knew it, 
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absolutely unrepresented, when they were found to pass out of the Haséra district, 
into then unexamined ground. 

They have a position in the list nevertheless, where they are placed together 
with the Infra-triassic and Tandl series as he partly suggests; the Tandé!l portion 
of this set of rocks passing, as stated, into crystalline, i.e. metamorphosed, rocks 
and gneiss, 

The identity of the gniess in both areas is now established and that also of the 


next adjoining beds. * 
The Atteck slates are shown to be those of Kashmir, and their Amygdaloid 
division is approximately placed. 


The carboniferons horizon is not much ‘more clear, but the trias beds mee 
identified, and the Murree beds are now known to be partly miocene, at all events. 
The main points of difference appear to be as follows :— 


HAaZARA SIDE. KASHMIR SIDE. 

1. Presence of a cretaceous horizon. Its absence. 

2. Partial separability of the triag and jura, with a local Usual blending of theso without discord. 
discordance, ance, 

3. Presence of an infra-triassic or lower division of the Occurrence at this horizon of a carboni, 
trias, ferous group. 

4. Presence of a thick group of Tandél beds identical or Apparent absence of these beds, 
partly so with the foregoing. 

S. Absence of an amygdaloid series in the silarian Presence of an inferior silurian amygda« 
Attock slates. loid group. 

@. Presence of a complete sub-trias discordance, Absence of this feature or its impercep. 

tibility, 

7. Concealment or obscurity of a sub-tertiary overlap Presence of a sub-tertiary break and overs 

discordance. lap. 


The main points of agreement are these :—~ 


HAZARA SIDE and KASHMIR SIDR. 
1,—Similarity of tertiary group in both, 
2,—General similarity of the newer or perhaps upper half of the mesozoic rocks with 
smali etceptions. 
$.—Similarity of the lower palwozoic silurian-Attock-Kashmir slates. 
4.—Similarity of the schists and gneiss. 
&.—Universal disturbance. 

It seems from the lists that the points of difference are equal in number to 
the main rock-groups, and those of agreement are rather more than half as many 
as the differences. 

1. The cretaceous horizon established in the Sirban sections in Hazdra and at 
great distances to the eastward im the Himalayas may well be present in other 
places though unrecognizable, as appears frequently to be possible even in 
Hazara. 


2. The triassic rocks in this region being yet known to present in one place 
enly (at Sirban) all the conditions as to definite zones and sufficiently fossili- 
ferous ones, to enable detailed separations to be carried out, it seems most 
probable that the mixed character or the unfossiliferous condition of the Kashmir 
and Kaghén rocks is the general rule in both areas. The definite horizon may 

. 5 
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of course exist everywhere, but under impenetrable obscurities, and even the 
appearance of discordance fairly established between these and the Spiti shale 
jurassic of Sirban being quite unpronounced elsewhere in Hazéra, it way well be 
lost to sight in Kashmir. 

3. The fact that Mr. Lydekker finds the carboniferous group of Kashmir 
vanishing into obscurity northwards, where its fossils disappear, is strongly 
indicative of the same unfortunate occurrence in Hazéra and the consequent 
impossibility of defining its position closely, while it may be fairly surmised that 
the Hazfra infra-triassic Tanél rocks or some portion of these are equivalent to 
the carboniferous group of Kashmir. 

At the same time the idea suggests itself that the Sirban trias may really 
exhibit only a higher portion of the whole great group which may be elsewhere 
represented by more obscure older developments more widely spread, and that 
the carboniferous representatives may be found or supposed to exist amongst the 
lowest layers of these and partly amongst the likewise unfossiliferous strata of 
the Tandl group, 

4, This Tandél group presenta one of the greatest difficulties in reconciling the 
structure of the two regions as at present interpreted. Its thickness renders the 
absence of its recognition in Kashmir, &., strange; and its place is peculiar, lying 
exactly between the now well-identified Attock-Ladak slates and the metamor- 
phio schists (including rocks of different horizons), into which the same Attock- 
Ladak slates are supposed by Mr, Lydekker to merge by reason of increasing 
metamorphism. 

These Tandl rocks, or their congeners, the infra-triassic, one or both, extend 
towards and into the lower part of the Kunhar valley, but crossing this no place 
is found for the group in the series of Kashmir and Kaghin, and a short line, 
obliquely crossing ths valley from the Lachi Kun nummulitics to the Hazdra 
older gneiss near Balakot, marks the approximate boundary between the Attock- 
Kashmir slates and their supposed more highly metamorphosed continuation 
into the “newer gneiss” northwards. South of this boundary, however, between 
Bélakot and Gharri Habibula on the flanks of the Lachi Kun mountain, the 
Kashmir-Attock slates are not typical Attock slates at all, but more allied to the 
metamorphic schists. This point would so far favour the supposition that a 
northerly transition was taking place from less to greater metamorphism; but 
hot far south of Gharri Habibula the slates possess their normal character, and 
appear projecting unconformably from beneath infra-triassic or Tan6l quartzites 
and dolomites. The supposition that the Attock slates are the same to any 
extent as the schists to the north which pass into or are scarcely separable from 
the Tandl beds would then demand the incredible conclusion that both an uncon- 
formity and a transition between the older and newer groups should occur in the 
immediate neighbourhood of Gharri Habibula,—a view in which I cannot 
coincide. 

Although the Tanél or infra-triassic beds fall readily into none of the Kashmir 
snb-divisions or have not been admitted into any, I certainly found them on the 
right bank ef the Kanhar at the place last indicated, and saw at least one small 
tongue of them crossing the river. It segms marvellous if some representative 
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ef these dolomites, quartzites, argillaceous and other rocks does not also ocour to 
the east, because, although in discordant relation with the silurian slates on their 
southern side, they have been found to mingle gradually with the schists to the 
northwards, which in their eastern extension become the “newer gneiss” of 


various ages, and also because dolomites and quartzites are mentioned among the 
rocks of Northern Kashmir. 


If the group has an extension to the eastward, there seems, however, not much 
more likelihood of it8 being closely identified among the “ newer gneiss” series 
than either the metamorphosed silurian or carboniferous members of that divi. 
sion, Connected with one or both of these groups, rocks of Tanél aspect might 
occur, though without sufficiently distinct grouping < or identity to have urged 
their separation. 


5. Had they possessed this distinctive character, there would only have been 
the absence of the apparently fugitive volcanic amygdaloids from amongst the 
_ Hazdra slates to have caused any very prominent disparity between the general 
series in these two areas. The horizon or horizons of this amygdaloidal silurian 
group or groups being rather uncertain, but still placed below the slates or in 
their lower portion, the idea is suggested whether ‘some of these volcanic rocks 


may not represent the horizon of the Tandl group, but this question I have not 
sufficient evidence to follow out. 


From what I know or can gather of the general aspect of the geology of the 
whole region, I should rather expect to find the principal portion of the Tandél 
beds ocgupying a carboniferous or other intermediate horizon between the upper- 
most slates and the lowest fossiliferous triassic rocks. 


So far the obstacles, as it were, to extending either the full Kashmir colouring 
of the map into Hazéra, or vice versd, have been noticed; the question of the 
arrangement of the groups is another matter. 


In the parts of Kashmir and Kaghén, most adjacent to Hazara conformity 
real or apparent would seem to be the rule thronghout the whole sequence. 
From an inspection of Mr, Lydekker’s map and from his remarks it would 
appear evident that this conformity of the tertiaries north of Mozufferabad 
upon the paleozeic rocks assumes the nature of an overlap, amounting to the 


total discordance which I had already indicated from limited observations 
(Rec. XII. p. 127). 


The unconformity at Sirban, in Hazéra, where the infra-trias is not only 
discordant to but contains derived fragments of the Attock-Lad&k slates, is 
established. It appeared to me to occur again without the derivative feature near 
the road from Abbottabad to Minsahra and also on the right bank of the Kunhar 
river south of Gharri-Habibyla, and yet it does not appear to have been detected 
in Kashmir or Kaghan, where secondary rocks occur within 12 and 32 miles of the 
Gharri locality, roughly speaking. 

This unconformity proves so complete a break between the infra-trias and the 
silurian that I held myself prepared to find those of the Tanol beds most nearly 
identical with the infra-irias of Sirban completely discordant to the Attock 
slates at any place where they might occur in junction with these. 
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This appeared to be the relation of the groups on the lower Sirun and Dore 

rivers near the Indus, 

'. The disturbance in most places greatly concealed or quite obscured any identi- 
fication of this relation in connexion with the silicions and dolomitic bands of 
the Tanél group, while in many instances they appeared to be simply interca- 
lated with the other Tandl beds; besides, there was always the possibility in 
conseqnence of the break at Sirban that infra-trias rocks gf other places might 
exhibit a larger thickness of themselves or of other subjacent conformable beds. 
I was therefore the less surprised to find great irregularities and sudden develop- 
ment or reduction of the unconfermable infra-trias ( presumed to be in some 
degree equivalent of Tanél rocks) in various localities, nor did it{appear im. 
probable that the unconformity so clear at Sirban should be obscured by being 
removed further elsewhere from the dolomites and quarizites, or altogether lost to 
view in the more metamorphosed area of the schists. 

Whatever portion of the Tanél beds may be identical with the infra-triag will 
carry with it much of the associated and stratigraphically united Tanél rocks 
not largely developed, if at all, at Sirban. The place of these Tanol-infra-trias 
beds must lie at the upper side of the discordance there, and it is impossible in so 
limited an area to place on the same horizon any rocks supposed to form a part 
of the Attock-Lad&k silurians on the lower side of this discordance. 

To say that the dolomites and quartzites of the Tandél area are not infra- 
trias but metamorphosed trias-jura, will provide no escape from the dilemma, for 
the trins and infra-trias have always becn found as part of the same conform. 
able sequence. 

In one way it seems still possible to reconcile some of the discrepancy between 
the Hazdra arca and that tothe east. I offer the suggestion with much reserva- 
tion on the supposition that the rocks of both regions pass northwards into a 
metamorphic terra incognitu, where important divisions become undistingnish- 
able and the clearest indication of stratigraphic arrangement at low or high 
angles are untrustworthy. This being granted (if possible) it may be that the 
sohistose series (newer gneiss of Lydekker) represents among its other consti. 
tuents a lower portion of the Attock-Ladék silurian, or even the same beds as 
are elsewhere unmetamorphosed ; that over these the schists passing upwards 
and uniting with the Tandél group (on an extension of Mr. Lydekker’s hypothesis) 
represent the carboniferous and triassic horizons, Some of the dolomites, &c., 
of the Tandls belonging to the former, and others with their associated slates, &e., 
being the unconformably enfolded representatives of the trias and infra-trias or 
“trias-jura” division, all in a metamorphosed oer sub-metamorphosed state, 

At this distance, both as regards time and place from the region and its 
examination, -ene is apt to have a less lively faith in his own deduotions, and yet 
after reconsidering the question with the aid of Mr. Lydekker’s paper, unless the 
parplexities of mountain structure will endorse so large a draft npen speculative | 

-bypotheses as the aboye suggestions demend, I am unable to see in what way the 
i tations of, Hozira Kashmir and Kaghén can be brought into ¢loser con 
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Notwithstanding that I am ready to admit any reasonable amount of possible 
misinterpretation not of a glaring nature amongst the obscure stratigraphical 
features of a metamorphosed and disturbed mountain region, the greater difficulty 
presents itself that it is not so much obscurity of the stratigraphic relations in 
Hazdra as the reverse which has led to my interpretation of the district, and that 
no amount of the inversion, which it is now the custom to call in aid so largely, 
can set aside local deductions from such physical facts as the Sirban infra-triag 
unconformity. . 





Notes on the Umaria Coal Field (South Rewah Gondwéna basin)—By THropors 
W. H. Hueuss, A.R.S.M., F.G.8., Geological Survey of India. 


Owing to the great interest that has been aroused regarding the occurrence of 
workable coal at Umaria and in the Johilla valley in the Rewah territory, I 
have no doubt that a short notice relating to it, preliminary to a fuller descrip- 
tion in our Memoirs, will be generally acceptable. Under ordinary circumstances 
the publication of the facts in connection with the coal would not have taken 
place nntil next year, by which time the map of the larger area to which this 
ground belongs would have been completed. So many enquiries, however, have 
been set on foot, as to the extent of the coal, its thickness, the quality of the coal 
and the facilities for working it, that it has become a duty to respond to them 
without delay. 

In a previous volume! of the Records of the Survey, I have described 

the geological position of the Umaria and Johilla coal. Its 

iciatelattaata sees nes sa uignuel the true or older coal-measures of 

India, and it is not to be confounded with the younger coal of the Mahanadi, 

Lameta Ghat and Jabalpur. This is a favourable point, and it implies that the 

coal will be moderately steady both in quality and quantity, features which are 
not characteristic of the newer coals. 

Many years have elapsed since the original discovery of the coal that I am 

writing about. The first who drew attention to it was 

Seren mre pet Captain Osborne, the Political Agent of Rewah in 1860. 
Afterwards some Royal and Civil Engineers reported on it, but their recom- 
mendations were not strong enough to induce any active steps being taken to 
explore the field. Subsequently, and quite recently (1881), it was my good 
fortune to meet with a gentleman in charge of the Rewah administration? who 
responded cordially to my suggestions that the coal-measures should be tested 
near Umaria and in the Johilla valley; and within a few weeks of my broaching 
the plan of operations, boring tooly were got ready, and Mr. Stewart, who had 
previously been in charge of the Narbada trial borings, was appointed, on a 
salary of Re. 420 a month, to test the various sites indicated by myself. Tt is a 
great satisfaction to be able to say that the word success may be freely used. An 
sbundance of coal- has been proved; a large area has been determined ; the con- 


'® Recorde’G. 8. I., Vol. XIV, pages 819-315. 
*Capiain Barr, Politigal Agent, Baghelkhand, and iene te: Rewah State. 
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ditions for working are favourable; the quality of the coal is fair in the = 
tory, and the practical results are satistactory. 

The accident of position has eaused much more attention to be devoted to the 
Umaria than to the Johilla area, the former locality being 14 or 15 miles 
nearer to the station of Kutni, on the East Indian Railway. The Johilla valley 
was merely looked at in case the Umaria borings should fail to realise the expec- 
tations formed of them, The extra distance would have been a very small draw- 
back, if the only alternative left of procuring coal had been the opening-up of 
that part of the district; and it was deemed advisable, while means were at hand 
for under-ground exploration, to make as effective use of them as possible. 

As-matters have turned out, there was no neeessity to have taken the pre- 
caution of examining the- Johilla coal lands, but the information that has been 
gained respecting them is a valuable item added to our positive knowledge. 

The first boring at Umaria was commenced on the 22nd January 1882 on 

. _ the site selected by myself. It was to the north of the 

Peg hss uae outcrop of the coal seam, and was intended to prove 

the true thickness of the coal. According to Mr. 

Stewart’s reading of the samples it is 7 feet. This may be accepted as the 

‘average thickness of the coal seam, the outcrop of which is seen in the Umrar 
river, ranning between the two villages of Khalesar and Umaria. 

It would be needless multiplication of details to allude to each bore-hole 
section. The object with which the various positions were chosen was to test the 
extension of the coal both laterally and to the deep. 

Had more time been at our disposal more ample results could have been 
achieved, but as the case stands even now enough data have been gathered to 
show that the seam exposed in the river extends over a proved area of 13 square 
miles, and that it is fair to assume 3 square miles as probable and easily worked 
coal lands. 

In boring No. 7a, immediately on the right bank of the Umrar, a second seam 

Babel beeen: was met with, which is, I fancy, higher in the series than 

that proved in No.1. It was again passed through in 

Nos. 8 and 9, and it was just touched in No. 11. It appears to be a permanent 

bed, so that we may calculate upon two seams of coal, which at a very low average 
may be taken as 14 feet thick. 

Most of the borings were put down within the limits of the Umaria holding ; 
but in order to learn something of the lie of the land between Khalesar and 
Léipur on the other side of the river, I directed Mr. Stewart to start No.6. A 
series of misfortunes rendered this hole and twp subsequent ones useless as indi- 
cators, none of them having been completed. The question therefore as to what 
becomes of the coal in that direction is an open one, but I incline to think that 
the coal is there, and that had the borings been carried deeper they would have 
proved this.to be the case. It is unfortunate that there should be uncertainty 
on the point, as, owing to this ciroumstance, I bave for the sake of being within 
the mark omitted it from ‘the caléulahble oval lands. 
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I presume that I am expected to give a few figures showing the amount of 
Available coal at 800 °°! that I consider to exist in the Umaria field. It is 
feet is about 28,000,000 an unsatisfactory task to undertake, as those know who 
wae: make calculations of this sort. With an average thick. 
ness of 14 feet, I think that within the area of 3 square miles there is an available 
amount of 28 millions of tons at a depth of 300 feet from the surface. 


The dip of the measures is slight, and the coal keeps well up for a long way 
to the deep, so that it presents great facilities for being 
readily worked, 

With respect to the quality of the coal the only seam that could be tested. in 
the laboratory and tried practically on the railway was, the lower one. 

About one hundred tons were excavated from the outcrop, and consignments 
. were made to the East Indian and Great Indian Peninsula railways. From 
Mr. Pont, of the Hast Indian line, I heard that the working power of the coal was 
41 Ibs. the train mile. ; 

From Mr. Brock, of the Great Indian Peninsula ling, the most favourable result 
was 33 lbs. the train mile. 

The Great Indian Peninsula trials show the coal in a very favourable light, 
and nearly equivalent to the best and freshest samples of the Karharbari field. 

Considering that the coal on trial was merely surface stuff, the result is quite 
surprising. It is possible also that when the drivers and firemen are better 
acquainted with it they will be able to get still more work out of it. 

Analyses made in the Survey laboratory by Mr. Hira Lal, who has been 
associated with me in the survey of the South Rewah coal areas, gave the 
following result :— 


Dip slight. 


Analyses of different bands in the Umaria seam. 





a.°[,| 0°, | dl, | lo |S Yo | 41s To] AB J) 28. °,| 24, °F, 


i a a 











Moisture (at 230° F.) . .| 58| 86{ 26! 34| 22) 241 24| 26] og 
Volatile, exclusive of moisture | 286 | 80°0| 196 | 844] 244] 25:8| 260] 292/ 27-6 
Fixed carbon » « «| 594] 586] 572] 550] 856] 594| 578] 522! S90 
Ash . «Ct 182 | 128] 206] 72) 87:8] 124) 188] 160] 106 
Caking © » © ef ase t oes + + aes aan p + 
Noteaking . . . | + one + oes sae + + oon oe 


Colour of ash » ce  .{white,} pink | white.| grey |white.| white.| white. | white. | white, 
; white. hite. 


N. B.—The band f. yielded about 16 °/, of oil and tarry matter. 
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The samples were taken by myself from the quarry at the outcrop. The 
index letters refer to the section which is— 


Descending, 
a—Coal hard 
$~—Stony band 
o-—Coal bright 
d— , hard 
e— », bright 

JS ~— 9» hard 
g-—Sitone band ; 
h—Coal hard oe 
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The seam. is not so thick at the outcrop as it is farther to the deep. The best 
coal is the lowest band, lettered 2. It contains a high percentage of fixed 
carbon, which accounts for the excellence of the trials on the Great Indian Penin- 


sula railway. 


Of the bore-hole sections, I give Nos. 1 and 7a to show what rocks were 
passed through, and the thickness of the two seams. 


No. l—Oommenced 22nd January 1882, ended 10th February 1882. 


Black surface soil . Sy 
Brown coarse sandatone . 
Grey soft és ‘ 
Red coarse hard ,, 


Yellow coarse hard sandstone. 


Grey earthy » 
Yellow hard conrsze sy 
Red coarse hard » 
Grey hard coarse ” 
Mottled coarse earthy ,, 
Grey hard fine FA 
Light brown fine hard ,, 

Dark brown fine hard ,, 

Brown hard » 
Grey soft shaly - 

Red coarse soft ‘“s 
Brown fine soft ” 
Yellow fine soft » 


with clay . 


e 
e 

» 
e 
a 
s 


Brown and yellow mottled clay 
Brown shaly soft sandstone . 


Gray and brown shaly sandstone 


. * ® e * ce @® s af e e e e o e e ry e 
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Feet. Inches, 
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Feet. Inches. 

Coal 2 . : r : ; ‘ ‘ 7 0 

Carbonaceous shaly sandstone 3. ia ws © 0 

” shale ee ee . 2 0 

Coal ; ‘ . . << j : 3 2 0 

Carbonaceous shaly sandstone fy. en 0 

White hard sandstona . i. ‘ : » AG 0 

No. 7a.—Oommenced 17th March 1882, ended 30th April 1882. 
Feet. Inchos, 

Derk brown sandy surface soil .  . 1 


” clay and pebbles =. 

Brown clayandsand . . . 

Light brown mottled shaly iendshous . 
* and red sandstone . 

Brown shaly sandstone. . . « 


Red és, s : 

» Yellow ,, ve ae ae : 
White ,, ‘ ‘ ; F 
Brown and white shaly sciesiaions ee , 
White = " . , 
Brown and white _,, a ‘ ‘ F 
Red and brown __se,, e- , 
‘White and brown ,, = “ ‘ : 
Yellow ‘“ = ‘ 

Red and white PP n . 
$ Brown and yellow ,, s 


” 3 99 id 


99 and white a9 9 ® 


Gp RO OR OF co 8D he et RO ee et tet et et 0 tt Det tt et et BD 


Cocvseo0ooooSeoseooeoeoSooeoe sooo se oeooeoeoooce 


” EF ” « ° 
White and red ” » . . 
» and yellow ,, ‘s ‘ ° 
Brown and white ,, ‘i . 
White ” ie . ; 
» sandstone . , i ‘ ° ' 
Brown = e « . . ‘ . 
Grey ” , . : : : 
Brown a . : ° ; A : 
Grey ‘ ; . 28 
Carbonaceous shaly saiiaioae . » 5 
Grey sandstone ‘ . “ . 1 
Carbonaceons + ‘ ° ‘ ° 4 5 
Grey ” . . 3 
” ° ° Ba ; 8 
Grey wae : ; ° - # 
Coal e r ° P e 18 
Carbonaceous ‘thale oo ee - « 
Coat . . ;: ‘ . - Al 


Of the Johilla borings I have little to say ; one was put down near the junction 
of the Marjada and Umarha streams and the other on the left bank of the Johila. 
‘The sections speak for themselves, and the coal appears to be better even than 
that of Umaria. 


174 Hecords of the Geological Survey of India. [voL. XV. 
No. 2.~—Oommenced 6th March 1882, ended 23rd April 1882. , 


Feet. Inches, 

Yellow clay (surface soil) fu eS, 0 
Brown shaly sandstone . . . . «. 10 0 
Dark brown shaly sandstone . 2s lw leCO 0 
Carbonaceousclay .  . 3 . . « © 8 0 
2 shale e . ° « » 9 0 

Grey shaly sandstono 6g li (‘wti‘(C(“ - 8 0 - 
Brown shaly sandstone , . . . + 6 0 
Coal s s e a ° e 6 ® e 17 0 
Carbonaceous shaly sandstone « wa 0 
Grey 33 @ . s a a 1 0 
Coal 8 °«@ ° e ° ° 8 e ® 3 0 
Carbonaceous shaly sandstone. . . 1 0 
Grey 99 % ‘ r) e rf] i 0 
Carbonaceous ,, es e . ; » 8 0 
Coat . «© © © 2» © «© « « 8 i) 

Carbonaceons shaly sandstone . « 4 o* 
Grey is e ‘ ‘ : - 8 0 
Carbonaceous shale ae ae ee 2 0 
Grey shaly sandstone . . .« © o« 2 0 
Carbonaceous shaly sandstone » « ft 0 
Grey * te o e« 4 0 
Coarse sandstone . . . . . « 2 0 
Grey - . ee ee e« + . §6 0 
No. 3.—Commenced 13th March 1882, ended 28rd April 1882. 

Dark brown surface sandy soil © « oe A 0 
Dark shaly sandstone =. tw ti(i(“ktié‘(”;*é‘ !:Cizdd 0 
Grey ,, “ ‘ ‘ 1 ) 
Brown ” ” ry ® 3 0 
Coai e 4 @ @ 6 8 a s 17 0 
Grey shaly sandstone . 1 0 
Carbonaceous shale . 6 0 
Grey shaly sandstone =. lw Clik wll Cd 9 
Carbonaceous shaly sandstone e e 9 0 
a3 shale e . ° 2 0 
Coal * a e @ e ® » a 6 t 
Carbonaceous shaly — « 6 0 
Grey Pr PY «  « * » 4 ‘0 


The proving of the Umaria coal-field shows how valuable an adjunct to the 
labours of the Geological Survey are the facts that can only be discovered by a 
series of borings. A large area of coal has thus been proved, and our doubts 
dissipated ; and ‘we have now ample knowledge*to direct us in our projects and 
plans for the fature. The coal is good, and there is plenty of it. It is within 
one hour's railway journey of Kutni, and from its commanding geographical 
position, as may be seen by looking at a map, it is one of the most important 
areas of supply for Central and Upper India. It will be of immense utility to 
the Great Indian Peninsula railway, and to the feeders of that line; and | 
have vo doubt that a lange up-country consumption will be established. 

What is now wanted is a line of rail to. Umaris, and I trast it will be my 
fortune to see one started and completed ‘within the next two years. There is & 
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_ large grain traffic passing through Umaria, but I have no statistioa to give. 
T have no hesitation, however, in saying that a railway would probably pay its 
way, though perhaps 2 to 3 per cent. of interest would be all that the capital 
would realise until the road was extended more to the east and served a larger 
area of country, 





Zhe Daranggiri Coal field, Garo Hille, Assam—By Tom D. La Toucus, B.A. 
Geological Survey of India 

Immediately to the north of the gneissic range running westward from the 
Khasia plateau and forming the culminating ridge of the Garo hills, the creta- 
ceous rocks in which the coal of this district occurs occupy a series of detached 
besins in the gneiss, and rest directly upon it, Of these basins the two 
largest,—marked as coal-fields on the Ordnance map, ‘and known as the Rong- 
renggiri and Darangyiri fields respectively,—are situated in the valley of the 
Sumesary or Semsang river. In the Rongrenggiri field, which extends from 
about 2 miles to the west of the thanna at that place eastward to a short 
distance to the east of Shemshanggiri, there are, as far as I could discover, no 
coal seams of any practical value. A seam of good coal, 1 foot thick, occurs 
in a hill due east of Shemshanggiri, and at the west end of the field are several 
outcrops of a bed of carbonaceous shale, about 8 feet thick, which, I believe, 
represents the principal seam of the Daranggiri field described below. A fairly 
continuous section is exposed in the bed of the river and its tributaries between 
these beds and the gneiss on the one hand and the nummulitic rocks which occapy 
the centre of the basin on the other, and in these rocks only a few insignificant 
strings of coal and thin beds of carbonaceous shale occur. 

The Daranggiri field, its position and area.—The Daranggiri field is situated on 
both sides of the Sumesary river, where it turns south in a long reach before 
cutting through the main range at Jankaray village. It is about 10 miles in 
length from west to east, extending from a little to the west of Daranggiri to 
Rengdim in the Khasia hill district, and about 6 miles in breadth from north 
to south, from a short distance above the junction of the Rongoli stream with the 
Sumesary to the Rongkhai stream on the south. On the south side of the latter 
river are a few outliers, but these are separated from the gorge of the Sumesary, 
through which the projected railway will probably pass, by some miles of exceed- 
ingly rugged ground so that they are not of much importance. 

Within these limits the coal-measures occupy an area of about 50 square miles, 
but, as will be seen from the analyses given below, the seams which occur in the 
portion of the field lying between the Rengchi, Rongkhai and Lengta streams is 
almost, if not quite, worthless; besides which the small thickness of the seams 
in this portion of the field, not more than 2 feet 6 inches, would probably prevent 
their being worked with prdfit, even if the coal were of better quality. There 
remains, then, the western half of the field extending from Datanggiri to the 
Rengchi, an area of about 20 square miles, in which there is at least one seam of 
coal of good. quality of a thickness snfficient to be worked profitably. 

. 4. Daranggirt outcrops—-The outcrops of the principal seam in the neigh- 
bourhood of Daranggiri have already been described by Mr. Medlicott. (Records, 
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@. &. L, Vol. VIL, yt. 2, p. 68). Besides this seam three are five others expoepd in 
the cliffs about Daranggiri, but of greatly inferior thickness. The following section 
is exposed in a cliff on the east side of the Rongwi (Nongal) stream, a short 
distance below its junction with the Rongmadu, and may be taken as a type 
section of the coal-measures throughout the field :-— 





Ft. Ina. 
1. Coarse yellow and brown sandstones . . «. about 240 
2, White sandstones with bands of shaly clay rock . pe 70 
8. Coat « ° ° e « e ® e 2 ” 1 
4, Shaly clay rock . : é ‘; ‘ ; i sé 8 
6. Coal Py « ° e » e r ° ° 9 0 10 
6. Shaly clay rock . ; " ; P ; : eh 4 
7, Coal «6 eg tee 0 6 
8. White sandstone with bunds of shale. ‘ é zs 20 
9. Coul . : : ; : j ; : ; a 7 6 
10. Sandy shale with strings of coal in lower part .__,, 5 
11, Coal , : ‘ . P ; ‘ : rs 1 
12. Carbonaceous sandy shale .. , ; ; ‘ es 5 
138. Coat . A , ‘ ; ‘ - , j a 1 
14. Carbonaceous shale, base hidden under water é a Pp 
TOTAL . 38d58 10 


The section is given in natural order; dip about 5° to south-east. 

In this section the beds immediately below the coal are not exposed, but on 
following down the stream the rise of the strata gradually brings them up until, 
at a short distance above the junction of the Rongwi with the Sumesary, they 
are seen resting directly upon the gneiss, and consist of about 200 feet of coarse 
purple and yellow grits and conglomerates. Similarly to the west of Daranggiri 
the seam may be traced rising steadily along the cliffs bordering the Rongmadu, 
the lower grits and conglomerates appearing beneath it, until it is overlapped by 
the higher strata which rest against the gneiss of Naramkhol and Tobeng hills. 
To the south of Daranggiri the principal seam disappears beneath the bed of 
the Rongwi, a short distance above its junction with the Rongmadu, but it 
appears again in the same stream, about 1} miles further to the south, being bent 
up sharply against the gneiss of the main range, with a dip to north-east 
increasing in this section from 85) to 65° within a distance of 100 feet. On the 
same strike the seam appears to the west in the Nongalbichs stream and to the 
east in the Rongja below the village of Baduri, where it is nearly vertical, 

2. Bumesary outcrops.—Descending the Sumesary from its junction with the 
Rongwi, the south-east dip of the strata brings the coal seams down to the river 
level about quarter mile above ita confluence with the Garigithem stream. The 
same series ia seen here as in the section at Daranggiri, except that the lowest 
one foot seam is absent. The dip of the beds is 2° te 3° to south-east, but slightly 
undulating, and becoming horizontal « little further down the river. The ont- 
crop of the principal seam here, and in the Garigithem stream, about & quartermile | 
to the east, has been described by Mr. Medlicott (toc. cit.); it is about 6 foet 
thick. Further to. the east the coal is overlapped towards the north by higher 


beds, which rest directly upon the gneiss, and occur i 
hilla aa far north sae Sinan i in patches on the tops of the 
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8. Goreng hill outorop—In the north-south reach of the Sumesary gneiss is 
expdned for a considerable distance above tho junction of the Rengchi. This rock 
extends beneath Goreng hill to the Renchi, forming an almost horizontal but 
uneven floor, upon which the coal-measures rest horizontally. The lower part of 
these, about 200 feet, consists of coarse grits and conglomerates, which form a 
perpendicular cliff extending almost continuously round the south end of the hill. 
At the top of this precipice the coal occurs, but generally its outcrop is much 
obscured by talus. Large fragments of it, however, ocour im all the streams 
which flow from the hill to the Sumesary and Rengchi. A good section is ex- 
posed in the Nengja stream, a small tributary of the Rengchi, about 1 mile from 
the latter, as follows :— 


a Feet. In. 
1. Coarse sandstone, about . F . ; ‘5 ‘ - 12 0 
2. Coal, about . ‘ é ; 7 . ‘i ‘ . 8 6 
8. Clay rock with carbonaceous markings, about . - 4 O 
4. Fine yellowish brown sandstone, about . 5 ; - &4 8 
Total 23 6 


The beds are horizontal. 

A short distance down the stream a band of carbonaceous shale, abont 18 
inches thick, is exposed, but in this part of the field I could not find any of the 
smaller seams-which occur at Daranggiri. 

Total amount of coal.—tIn this area of 20 square miles the average thickness 
of the seam is 5 feet 6 inches (7 feet 6 inches at Daranggiri and 8 feet 6 inches 
on the Rengchi) ; the total amount of coal calculated from these data is about 
76,000,000 tons. 

Quality of the coal.—The coal of the principal seam is bright black in colour, 
becoming brown when crushed ; it contains numerous specks and nests of a brown 
resinous substance ; it lights readily and burns freely, The seam is very free 
from shaly partings. The coal from the seams to the east of the Rengchi is 
brownish-black in colour, and much more shaly. Specimens taken from four 
localities have been assayed by Mr. Hira Lal, Sub-assistant Geological Survey, 
with the following results, To these I have added an assay of the coal from the 
outcrop at Daranggiri, taken from Mr. Medlicott’s report, loc. ¢it.:— 























Assays of Daranggiri coal. 

“lo “lo "te “le 

2 3 4 5 
Moisture (at 230° F.) 62 26 3-0 28 
Volatile, excluding moisture $9°4 216 $1°2 40 3 
Fixed carbon. 618 | 40 | 140 | 27-4 
Ash os we 26 | 718 | 518 | 206 

No. 1.—Daranggiri, 7-6” seam (xssny mate in‘ 1874). . 


No. 3.—Nengjs stream, 3’-§” seam: caking s ash, White. 
No. 8.—Hill side ahove Rongtok stream: non-caking; ash, white. 
_ eo, 4.—-Fragment from talus at ontcrop in bank of Lengte stream : non-caking; ash, 


No. 5.—One foot seam in Rongwi stream above Daranggiri : non-caking ; ash, greyish white. 
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Postiton of the principal seam as regards working.—Except in the south-west 
corner of the field, where the strata are bent up sharply against the gneiss of 
the main range, they are either horizontal or dip at very low angles, and there 
seems to be an absolute freedom from faults over the whole area. The greater 
part of the seam is above the level of the principal streams so that the coal might 
be economically extracted, and the mines drained by adits. Moreover, aa the 
rock immediately above the coal is generally a fine clay rock, tolerably impervious 
to water, the mines would to a certain extent be kept dry by it. 

That part of the seam which dips below the surface of the rivers would have 
to be got at by shafts, but the strata above the coal, consisting of about 300 feet 
of sandstone and shales would present no difficulty to the sinking of these. 
Finally, the line of the proposed railway, up the gorge of the Sumesary, passes 
through the centre of the field so that if this scheme is ever carried out there 
appears to be no reason why the coal of this field should not be worked with 
facility and profit, 

Nummulitic limestone.—On the high pcan to the east of Daranggiri, there 
are two patches of nummulitic limestone, indicated by surface fragments, but as 
they are entirely covered by jungle I was unable to determine their thickness and 
extent. However it is quite possible that quarries opened in them would sup- 
ply lime sufficient for small buildings and other works in the field itself. At 
Siju on the Sumesary, to the south of the main range, is a large deposit of 
limestone of good quality. 

In concluding I must express my thanks to Captain Maxwell, the Deputy 
Commissioner of the district, for the great interest he took in my work, and for 
the assistance he gave me, so that although I was totally unacquainted with the 
country when I arrived in it, I had no difficulty in obtaining either carriage or 
supplies. 


On the outcrops of coal in the Myanoung division of the Henzada district. —By 
R. Romanis, D. Se., Chemical Examiner, British Burma (with a plan). 


Havine ascertained from Major Spearman that the coal reported in the Hen- 
zada district was found at Mokhoung, near Hleemouk, on the Nangathoo river, 
I proceeded thither, leaving Henzada on the morning of April 27th and arriving 
at Hleemouk on the following morning. The way lies along the Henzada embank- 
ment for 25 miles as far as Kyoukywa, where the Bassein river is crossed; thence 
by cart-roads through rice-fields to Kwingouk, where the Nangathoo river is 
passed. From this place to Hieemouk is about 8 or 9 miles. The road several 
times enters the bed of the Nangathoo stream.¢ The last 2 or 3 miles of the road 
pass through forest, bit it is almost level the whole 15 miles from Kyoukywa. 

I found the outcrop at Mokhoung, the site of a deserted village about 4 
miles from Hileemouk.: It is at the foot of a steep bank composed of clay and 
loose stones lying upon shales which dip to the north at an angle of 45°. The 
river flows along the foot of the slope, crossing the strata at right angles to the 
strike. Ata point where there is a fold or bend in the strata, and the dip changes 
to the south, the coal appears as a bed 22 inches thick below 24 inches of carbon 
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aceous shales. I was not able to follow the strike of the beds across the river, | 
as there is a wide alluvial tract on the other side beneath which it is concealed, 
if it exists at all, nor could it be found to the south of the fault, where the beds 
dip to the south. As it appears at a fault, the coal is much broken by the bend- 
ing of the rocks, and patches of shale ocour throughout the bed, which induced 
me to think it a mere pocket in the shale. A watercourse, which seems to mark 
the line of dislocation, enters the stream at the place where the coal appears. 
About 100 yards further up the stream some coal was found amongst the debris 
at the foot of the bank; and in a watercourse which enters the stream to the 
north is a thin bed of carbonaceous shale under a bed of quartz. 

While at Hleemouk a piece of coal was brought in, said to be from Kywaising 
in the Okepo district. On examining it I found that it ; melted and formed a coke, 
which the Mokhoung coal does not do. I at once proceeded to the place, which 
is about 12 or 14 miles from Hleemouk, near the junction of the stream, called in 
Fitzroy’s map the Shwayneing with the Okepo river. It is not marked in 
that map, which appears to me incorrect in the representation it gives of this 
district. 

On arriving at Kywaising we were conducted to the coal. It is found ata 
place about 14 hour’s walk from Kywaising over low hills covered with bamboo 
forest. 

The coal appears at a sharp bend of a watercourse which flows from north to 
south into the Shwayneing river. At the point where the coal is exposed the 
stream makes a sharp turn and flows from west to east for about 120 yards. The 
south bank is about 50 feet high and steep. The coal is exposed along the whole 
of the bank in a bed about 12 feet thick. A cutting waa made into the coal when 
the following section was found :— 

Feet. Inches. 


Soil and decomposed yellow shale a 0 
Carbonaceous shale. ‘ : 2 é : . . : 0 4 
Coal . ‘ ° ‘ . A : ‘ ; : ; 1 6 
Carbonaceous shale ‘* ; ; ‘ ‘ ‘i " ° ;: 0 2 
Coal e e s e 8 e e 1 6 
Cavbcoseonss shale . : ‘ ‘ ‘ ; : Fi ‘ 0 4 
Coal . ‘ ‘ : é : . y ; e 1% 1 6 
Carbonaceous shale . - «© © © + «© © «6 0 2 
Coal . ‘é . é F : ‘ - 1 6 
Carbonaceous shale. F ; 4 ; ? ‘ ‘ f 1 6 
Coal, good quality - 2. . «© + + © « 6 2 0 
Coal, inferior ; ‘ ‘ ‘ ‘ ; ‘ ° 2 2 0 

Total . il 6 


The lower portion was concealed by debris, and the exact thickness could not 
be estimated. Since my return I have been informed by Mr. Lewis, who continued 
the work after I left, that the layers of shale become mere partings in the coal, 
and that there are 6 feet of coal, then 2 feet of shale, and then 4 feet of coal, the 
upper 2 feet of good quality. 

The dip of the bed of coal is 30°, to E. 
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I examined the rocks in the neighbourhood and found that they dipped like 
the coal at 30°, to E. The strikeis north and south. I observed layers of carbo- 
naceous shale at three places in the watercourse, and found that they crossed it 
and passed under the opposite bank, showing that there is no fault but the strata 
dip under the hill to the east. Over one of these beds there lies a thick bed 
of quartz-breccia. From the dip of the strata and the position of the quartz-brec- 
cia and shale I conclude that they lie under the coal. 

Having finished my observations at this placeI visited the outcrop at 
Poosoogyee, in the Myanonng district. On my way throngh Hleemouk I revisited 
the outcrop there. It was too dark to see what had been done, but I was told 
that the coal had come to an end after four bags had been got ont, and that the 
rest was all shale. Mr. Lewis, who saw the place by daylight, says this is not 
the case; there is a layer of coal 18 inches thick. 

Poosoogyee is about 30 miles from Myanoung, on the Padaw river. On my 
way I halted at a Chin village, Yaynantoung, so named from a, petroleum spring 
about 4 miles away in the hills. I did not visit it as the quantity of petrole-. 
um is very small, but it is evidence of the presence of bituminous strata. The 
spring is marked on the map as east of the village. 

The outcrop of coal is about 4 miles from Poosoogyee on the left bank of 
the Padaw stream. Itis a band varying from 18 to 6 inches in a bed of carbo- 
naceous shale dipping 60°,toH. It is very friable, crumbling into powder between 
the fingers. The stratum in which it occurs is much contorted, and in one or two 
places the coal thins out altogether. On examining the neighbourhood I found a 
bed of quartz conglomerate overlying abed of bituminous shale in two places, 
one further up the stream than the coal, the other lower down, dip 60° to N.E. at 
the latter, 60° to E. at the former, evidently passing below the coal, and thus 
bearing the same relation to the coal that similar beds do at Kywaising 
and Mokhoung, from which I infer thatthe same strata of coal, shale and con- 
glomerate appear at each place. The coal is at its maximum thickness at Kywai- 
sing and thins out to 22 inches at Mokhoung, 12 miles south, and to less than. 


12 inches at Poosoogyee, 18 miles north. The following diagram shows the order 
of the strata, as it appears to me :— 


Yellow shales and sandstone several hundred feet. 
Coal 10 feot. 

Carbonaceous shale (?) 

Yellow shale and sandstone, 300 feet. 

Quartz breccia, 5 feet. 

Carbonaceous shale, 2 feet. (?) 


& 

I do not think that it is worth while at present to bore at either Poosoogyee 
or Mokhoung. At Poosoogyee the rocks are mach contorted; they have been 
indurated by infiltration of silica; the dip is great and the seam irregular. It is 
possible that the irregularity is due to the twisting of the strata at the point 
where they crop out, and that a boring put down to the eastward may find the 
coal more regular and less friable, but it seems to me that the rae out- 
crop is the one most likely to repay exploration. 
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I should recommend that two borings be made, one to trace the coal under the 
opposite bank of the stream, that is, to the eastward, the other to the southward 
to follow the coal towards the river. The shale and soil covering the coal on the 
west side of the watercourse cannot be many feet thick, and several borings may 
be made without trouble. 

As to the question of transport, the Okepo river is navigable during the rains 
for boats of 10 tons as far as Kywaising. The coal is about 5 or 6 miles 
distant from the village. Four miles of the road are level, but the bed of the 
Shwayneing river is crossed several times. For the last 2 miles the road is the 
bed of a watercourse covered with loose stones, but if the coal is in quantity 
there will be no difficulty in making a path by clearing the bamboo forest and 
cutting a road in the hillside. Good timber may be obtained from the pyinkado 
trees (Xylia dolabriformis), which grow plentifully on the spot. In the dry 
weather there is only enough water in the Okepo to float bamboo rafts, but it is 
only 16 miles by cart-roads to the Bassein river, and I suppose a light tramway 
might be laid down at small cost, if the coal is in sufficient quantity. 





Analyses of coal: Kywaising. Poosoogyee. 
Moisture ° 6 e . 8 1°48 
Volatile matter . . - «© + 26°58 
Fixed carbon © 8 6 6 6 « 6612 
Ash e ® e a a 2 e e 6°82 
100 00 100°00 


DONATIONS TO THE MUSEUM. 
Donors. 
Rock crystal on white marble from the Carrara quarries, and rock crystal containing liquid. 
bearing cavities from Poretta, Italy. 
Mr. W. T. Buanrorp. 
Manganese and iron ores from King Island and neighbouring islets, Mergui Archipelago. 


{Dr. J. ANDERSON. 
Parisite from Columbia. 
Mer. C. Fornako. 


ADDITIONS TO THE LIBRARY. 


From lst Apgit to 30TH Junzg 1882, 
Titles of Books. Donors. 
Bonts, Da. J. H. C.—The Northerly Winds of California, 8vo., pamphlet. 
TuE Avutuor. 


Bronn’s—Klassen und Ordnungen des Thier-Reichs. Band VI, Abth. ITI, Reptilien, Lief. 
27-29 (1882), 8vo., Leipzig. 
Burnes, Srz ALEx.—Cabool: being a personal narrative of a journey to, and residence in, 
that city, in the years 1886, 1837 and 1838. (1842), 8vo., London. 
Catalogue of the Nagpur Museum for 1876. (1876), 8vo., Nagpur. 
Tae MusEvm. 
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Titles of Books. Donors. 

Cortins, J. H.—Ptinciples of Metal Mining. (1878), Bve., London. 

Cao1ziez, LE Marquis px.—lLes Explorateurs de Cambodge (1878), 8vo. pamphlet. Paris. 
| Soc. AcaD. Inbo-CHixorse. 

Dana, James D.—Manual of Mineralogy and Lithology, 8rd Edition (1879), 8vo., 


London. 
Duroxt, M. E.--Sur lorigine des calcaires devoniens de la Belgique, 8vo. pamphlet, 
Bruselles. 
Tas Avursor.- 
Pe .—Sur ane revendication de priorité introduite devant l’academie par M. G. 


Dewalque a propos de ma note sur l’origine des caleaires devoniens de la 
Belgique (1882), 8vo. pamphlet. Bruxelles. 
Tae AvTHoR. 


Evans, Joun,—Ancient stone implements, weapons, and ornaments of Great Britain (1972), 
8vo., London. 

Fisuer, Rev. Osmonv.—Physics of the Earth’s Crust (1881), 8vo., London. 

Giiwrner, Atspert C. L. G.—An introduction to the study of Fishes (1880), 8vo., Edin- 
burgh. 

Haun, Dr. Orro.—Die meteorite (Chondrite) und ihre organismen (1880), 4to., Tiibingen. 

Iunay, James F.—~The Bay of Bengal Pilot (1879), 8vo., London. 

James, A. G. F, Exrot.—Indian Industries (1880), 8vo., London. 

Juans, J. S.—Steel: its history, manufacture, properties and uses (1880), 8vo., London. 

Kexrtnen, Lirvut. G.—Report on the 3rd International Geographical Congress, Venice, 
September 1881, (1882), Svo. pamphlet. 

N. Curna Br. Roy. As. Socrery. 


Lezovr, G. A.—Catalogue of the Hatton Collection of Fossil Plants (1878), 8vo., New- 
castle-upon-Tyne. 

NortH oF EneuanD InstiruTs or Mininea anp MrcHanicaL ENGINEERS. 

Linpiey, Dz., ann Horton, W.—IIlustzations of Fossil Plants (1877) 8vo., London. 

North oF ENGianpd InstirouTs or Minina aNnD MrcuanicaL ENGINEERS. 

LyrtL, Mrs.—Life, letters and journals of Sir Chas. Lyell, Bart., Vols. I—IT (1881), 8vo., 
London. 

MircHetL, JOHN.—A Manual of Practical Assaying, 6th Edition (1881), 8vo., London. 

Mossrsovics. BE, V. und Neumayz. M.—Beitrage zur Paladntologie Osterreich-Ungarns und 
des Orients. Band I, heft 4 (1882), 4to., Wien. 

Moors, F'.~Descriptions of new Indian Lepidopterous Insects from the collection of the late 
Mr. W. 8. Atkinson, Part IT (one colored and one uncolored copy) (1882), 
4to., London. 

Asratio Socrery oF Brenaat. 

Quznsrupt. F. A.—Handbuch der Petrefaktenkunde. Auflage 8, Lief. 1-8 (1882), 8vo., 
Tubingen. e 

Qurnstzpt, F. A.—Petrefactenkunde Deutschlands, Band VII, Abth. I, heft 2, Gasteropoden, 
heft 2, with plates 191—196. (1882), 8vo., Leipzig. 

Rance, Cuas. E. pz.—The Water-Supply of England and Wales (1882), Svo., London. 


Rasrs, R. E.—An ct of some German volcanos and their productions (1876), 8vo., 
on. 


Ma. J. Woop-Mason. 


PART 3.] Additions to the Library. 183 


Titles of Books. Donors. 
Ruap, T. Mgitagp.— Rivers.” (1882), Svo. pamphlet, Liverpool. 
Tae AvTHoR. 

Ravy. J. J.—Hydraulics of Great FRivers. The Paran§, the Uruguay, and the La Plata 
Estuary (1874), 4to., London. 

Suyra, W. W.—A rudimentary treatise on Coal and Coal Mining, 5th Edition (1882), 8vo., 
London. 

Watsn, M.—Chemical and Geological Observations relating to brick-making in Western 
India (1869), 8vo. pamphlet, London. 

Wess, Dz. E.—Aus der Flora der Steinkohlenformation (1881), 8vo., Berlin. 


PERIODICALS, SERIALS, &@ 
American Journal of Science, 3rd Series, Vol. XXIII, Nos. 195 and 136. (1882), 8vo., New 
Haven. 
THe Eprrors. 
Annalen der Physik und Chemie, New Series. Band XV, heft 3 &4; and VI, heft 1 
(1882), 8vo., Leipzig. 
Annales des Mines, Series VII, Tome XX, livr. 5 & 6 (1881), 8vo., Paris. 
L’ ADMINS. DES MINEs. 
Annales des Sciences Naturelles, 6me Série, Botanique, Tome XII., Nos. 2—6 (1882), 


8vo., Paris. 
Annales des Sciences Naturelles, 6me Série. Zoologie, Tome XII, Nos. 3—6. (1881), 8vo., 
Paris. 
Annals and Magazine of Natural History, 5th Series, Vol. IX, Nos. 52—54 (1882), 8vo., 
: London. 
Archiv fir Naturgeschichte, Jahrg. XLVII, heft. 5, & XLVIII, heft. 2 (1881-82), 8vo., 
Berlin. 


Athenzum, Nos. 2837—2850. (1882), 4to., London. 

Beiblatter zu den Annalen der Physik und Chemie, Band VI. Nos. 3—6, (1882), 8vo., 
Leipzig. 

Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles. 3me Période 
Vol. VI, No. 12, & VII, Nos. 1—3 (1881-82), 8vo., Genéve. 

Bibliothdque Universelle et Revue Suisse. Sme Période, Vol. XIII, Nos. 37—39, and XIV, 
Nos. 40 & 41 (1882), 8vo., Lausanne. 

Botanisches Centralblatt. Band IX, Nos. 9—13, & X, Nos. 1—9. (1882), 8vo., Cassel. 

Botanische Jahresberichte, Jabrg. VI, Abth. II, heft. 3. (1882), 8vo., Berlin. 

Chemical News, Vol. XLV, Nos. 1163—1176 (1882), 4to., London. 

Colliery Guardian, Vol. XLIII, Nos. 1105—1118 (1882), fol., London. 

Das Ausland, Jahrg. LV, Nos. 10—23 (1882) 4to., Stuttgart. 

Geological Magazine, New Series, Decade II, Vol. IX., Nos. 4—6 (1882), 8vo., London. 

Iron, Vol. XIX, Nos. 478—491. (18829 fol., London. 

Journal de Conchyliologie, 8me Sérfe, Vol. XXI, No. 4 (1881), 8vo., Paris. 

Journal of Science, 8rd Series, Vol. IV, Nos. 100—102; (1882), 8vo., London. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
Vol. XIII, Nos. 81—83. (1882), 8vo., London. 

Mineralogical Magazine, No. 21, Geological Map of Sutherland. (1881), 8vo., London. 

Mining Journal with Supplement, Vol. UII, Nos. 2428—2441. (1882), fol. London. 

Nature Novitates, Nos. 5—11 (1882), 8vo., Berlin. 

Nature, Vol. KXV, Nos. 645—653 and XXVI, Nos. 654—658 (1882), 4to., London. 


184 Records of the Geological Survey of India. [von. xv. 


Titles of Books. Donors. 
Neues Jahrbuch fiir Mineralogie, Geologie und Palewontologie, Jahrg. 1882, Band I, heft. 3 
(1882), 8vo., Stuttgart. 


Palwontographica Band XXVIII, lief. 4—6 (1881), 4to., Cassel. 
Petermann’s Geographische Mittheilungen. Band XXVIII, Nos. 3—6 (1882), 4to., Gotha. 
Ditto ditto Supplement, Nos. 67 & 68 (1882), 4to., Gotha. 
Quarterly Journal of Microscopical Science, New Series, Vol. XXII, No. 86 (1882), 8vo., 
London. 
Zoological Record for 1880, Vol. XVII (1881), 8vo., London. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


Assam.—Report on the Administration of the Province of Assam for 1880-81 (1882), 8vo., 
Shillong. 
Curer CoMMISSIONER, ASSAM. 
Barrish Burma.—Report on the Census of British Burma taken on the 17th February 1881. 
(1881) flsc., Rangoon, 
Rev. & Aaric. Dzrr. 
[xpla.—Annual Statement of the Trade and Navigation of British India with Foreign 
Countries and of the Coasting Trade of the several Presidencies and Pro 
vinces in the year ending 3lst March 1881, Vol. II (1882), 4to., 
Calcutta. 
Suppr., Govt. PRintTine. 
Indian Meteorological Memoirs, Vol. I. (1876-81), 4to., Calcutta, 
METEOROLOGICAL REPORTER TO Govt. oF Inp1a° 
List of Civil Officers holding gazetted appointments under the Government of India 
in the Home, Legislative and Foreign Departments, as it stood on the Ist 
‘ January 1882, (1882), 8vo., Calcutta. 
: Home DEPARTMENT. 
Selections from the Records of the Government of India, Foreign Department, 
Nos. 183 & 184 (1882), 8vo., Calcutta. 
Fornign DEPARTMENT 
N.-W. Provincrs-—Atxinson, E. T.—Gazetteer of the N. W. Provinces, Vo]. X (1882), 
8vo., Allahabad. 
Govr. N. W. Provinces ’ 
Punza3.—Report on the Administration of the Punjab and its Dependencies for 1880-81 
(1881), 8vo., Lahore. 
PangaB Govt. 
Selections from the Records of the Govt. of the Punjab, New Series, No. XVIII 
(1882) 8vo., Lahore. 


ty 


PunszaB Govt. 


4 
TRANSACTIONS, PROCEEDINGS, &c., OF SQCIETIES, SURVEYS, &c. 


AwsTernpam.—Jaarboek van het Mijnwezen in Nederlandsch Qost-Indié, Deel IT (1881) 
Svo., Amsterdam. 
NatHertanps CorontaL Derr. 
Basayia.—Notulen van de Algemeene en Bestuurs-vergaderingen van het Batavisasch 
Genootsshap van kunsten en Wetenschappen, Deel XIX, Nos. 2—4 


(1881-82) Svo., Batavia. 
Tre Society. 
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Titles of Books. Donors. 


Baravia.—Tabel van Oud-en Nieuw-Indische Alphabetten. Bijdrag tot de Palaeographio 
van Nederlandsch-Indié door K. F. Holle (1882), 8vo., Batavia. 


Tux Soctery, 
is Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXVII, Afl, 1~5 
(1881-82), 8vo., Batavia. 
Tax Society. 
by ‘Verhandelingen van het Bataviaasch Genootschap van Kunsten en Wetens- 
chappen, Deel XLI, afl. 3, and XLII, 1 (1881), 8vo., Batavia. 
THE Socrery. 
Betrast.— Proceedings of the Belfast Natural History and Philosophical Society for the 
session 1880-81 (1882), Svo., Belfast. 
Tue Society. 
Burirw.—Zeitschrift der Deutschen Geologischen Gesellschaft. Band XXXIII, heft 4. 
(1881), 8vo., Berlin. 
Tar Socrery. 
Bristol.—Bristol Museum and Library. Report of Proceedings at the 11th Annual Meeting 
held 16th February 1882. (1882), 8vo., Bristol. 
THE Musrvy, 
BRvssELs.—Bulletin de la Société Belge de Géographic, No. 6, 1881; and No. 1, 1882, 
(1881-82), 8vo., Bruxelles. 
THE Socrety. 
‘és Procés-Verbaux des Séances de la Société Royale Malacologique de Belgique. 
Tome XI, pp. Ito LXXV. (1882), 8vo., Bruxelles. 
Tue Soctery. 
Cazn.—Bulletin de la Société Linnéenne de Normandie, 3me Série, Vol. IV. (1880), 8vo., 
° Caen. 
: THE Society, 
CaLcurta. —General Report on the Operations of the Survey of India for 1880-81. (1882) ° 
fisc., Calcutta. 
Tae Survey or Invza. 
RS Journal of the Asiatic Society of Bengal. New series, Vol. XLIX, Extra number 
to Part I. for 1880; and Vol. LI, part I, No. 1 (1882). (1880 and 1882) 
Svo., Calcutta. : 
Tax Socrery, 
i Proceedings of the Asiatic Society of Bengal, Nos. II—IV. (1882), 8vo., 
Calcutta. 
THe Soczery. 
55 Records of the Geological Survey of India, Vol. XV, Pt. 2. (1882), 8vo., 
Calcutta. 
GroLocicaL Survey or Inpra. 
” Report of the Archeological Survey of India, Vol. XIII, (1882) 8vo., Caloutta, 
Home Depr. 
‘i University of Calcuttes Minutes for the year 1881-82. (1882), 8vo., Calcutta. 
Mr. H. B. Mepticorr, 
CamBrmGE.—Balletin of the Museum of Comparative Zoology, Vol. IX, Nos. 6—8, (1889), 
8vo.,. Cambridge. 
THe Muszum or Comparative Zootoey. 
CorpenHaGEn.—Mémoires de l’Académie Royale de Copenhague, 6me série, Vol. I, No. 5. 
(1881), 4to., Copenhague. 
THe AcaDEMy: 


186 Records of the Geological Survey of India. [VoL, Xv. 


Titles of Books. Donors, 
CormmsGEx —Oversigt over det Kong. danske Videnskabernes Selakabs, 1881, No. 8, and 
1882, No. 1. (1881-82), 8vo., Copenbague. 
Toe AcaDEMY: 
EnInBURGH.-~Proceedings of the Royal Society of Edinburgh, 18383—384, No.4; Vol. X, 
: Nos. 103 and 107; Vol. XI, No. 108 (1833, 1884, and 1878 to 1881) 
8vo., Edinburgh. 
Tar Socrery. 
rm Transactions of the Royal Society of Edinburgh, Vol. XXVIII, Pt. 3; XXIX, 
Pts. 1—2; and XXX, Pt. 1 (1877 to 1881) 4to., Edinburgh. 
Tar Soczery. 


‘ Transactions of the Royal Scottish Society of Arts, Vol. X, Pt. 4. (1882), 
8vo., Edinburgh. 
THe Socrery. 
Haxnsispure.—Second Geological Survey of Pennsylvania. Report of Progress, V, by 
H. Martyn Chance. (1879), 8vo., Harrisburg. 
: Tue Survey. 
InpranaPoiis.—Annual Reports of the Geological Survey of Indiana from 1873 to 1875. 
(1874-1876), 8vo., Indianapolis. 
Mr. W. T. Buanrorp. 
Lonpon.—Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XI, 
No. 8. (1882), 8vo., London. 
is Journal of the Iron and Steel Institute, No. II (1881), 8vo., London. 
Tue INsTITUTE. 
0 Journal of the Royal Asiatic Society of Great Britain and Ireland. New Series, 
Vol. XIV, Part 1. (1882), 8vo., London. 
; Tux Soorery. 
% Journal of the Society of Arts, Vol. XXX, Nos. 1529—1542. (1882), 8vo., 
London. 
Tue Socrery. 
9” Proceedings of the Royal Geographical Society, New Series, Vol. IV, Nos. 2—6, 
(1882), 8vo., London. 
Tae Socrery. 
as Proceedings of the Royal Society of London, Vol. XXXIII, Nos. 216—218. 
(1881), 8vo., London. 
Tux Socrery. 
‘s Proceedings of the Zoological Society of London, 1881, Part 4. (1882), Svo., 
London. 
THe Socrzery. 
Fr Transactions of the Zoological Society of London, Vol. XI, Part 6, and General 
Index to Vols. I to X. (1881), 4to., London. 
¢ 


THe Socrery. 
ms Quarterly Journal of the Geological Society, Vol. XXXVIII, Part I, No. 149. 
(1882), Svo., London. 
Tas Socrery. 
Maprip.—Boletin de la Sociedad Geografica de Madrid, Vol. XII, Nos. 2-4. (1882), 8vo., 
Madrid. 


Taz Soorry. 
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Titles of Books. Donors, 


MancHEsTER.—Transactions of the Manchester Geological Society, Vol. XVI, parts 18—16, 
(1882), 8vo., Manchester. 
Tux Socrety. 
Mz.souRNE.—Report of the Chief Inspector of Mines to the Hon'ble the Minister of Mines 
for 1881. (1882) fisc., Melbourne. 
Mrinina DeparTMENT, VICTORIA. 
” Reports of the Mining Surveyors and Registrars for quarter ending 31st 
December 1881. (1882) fisc., Melbourne. 
Minine DEPARTMENT, VICTORIA. 
Moscow.—Bulletin de la Société Impériale des Naturalistes, Tome LVI, pt. 1 (1881), 8vo., 
Moscou. e 
Tux Society. 
9 Nouveaux Mémoires de la Société Impériale des Naturalistes de Moscou. Tome 
XIV, livr. 2 (1881) 4to., Moscou. 
THE Society. 
NEWCASTLE-UPON-TYNE.—Transactions of the North of England Institute of Mining and 
Mechanical Engineers, 2nd Edition, Vols. I-II, (1860-1863) ; 1st Editions 
VIII to XX and XXII to XXXI, parts 1-3 (1860 to 1882), 8vo., New- 
castle. 
Tax Ixstrrvrs. 
NEWCASTLE-UPON TynzE.—An account of the Strata of Northumberland and Durham as 
proved by borings and sinkings, A to B and C to E, (1878 and 1881) 8vo., 
Newcastle. 
Tae InstrrvTE. 
Paris. Bulletin de la Société Géologique de France, 3me Série, Tome X, No. 2, (1882), 8vo. 
Paris. 
Tux Society.’ 
‘is Mémoires de la Société Géologique de France, 3me. Série, Tome II, Nos. 1-2 (188]- 
1882), 4to., Paris, 
Tar Society. 
» Comptes Rendus hebdomadaires des séances de l’Académie des Sciences, Vols. 
LXXXIX to XCI (1879-80), 4to , Paris. 
THE ACADEMY. 
»  Anstitut de France, Académie des Sciences. Racueil de Mémoires Rapports et 
Documents relatifs a l’observation du Passage de Vénus sur le Soleil. 
Tome II, No. 2. (1880), 4to., Paris. 


Tor ACADEMY. 
» ‘Tables Générales des travaux contenus dans les Mémoires de L’Académie des 
Sciences, lre Série, Tomes I a XIV, et Bde Série, Tomes I a XL. (188]), 
Ato., Paris. 
THe ACADEMY. 
» ables Générales des travaux contenus dans les Mémoires présentés par divers 
savante a l’Académie des Sciences, lre Série, Tomes I a II, et 2de Série, 
Tomes Ia XXV. (1881), 4to., Paris. 
Tue ACADEMY, 
» Legrand, Dr.—La Nouvelle Société Indo-Chinoise fondée par M. le Marquis de 
Croizier et son ouvrage L’ Art Khmer. (1878), 8vo, pht., Paris. 
Ts Soctsry. 
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Titles of Books. Donors. 

Panrs,—Mémoires de la Société Académique Indo-Chinoise de Paris, Vol. II. (1879), 4to., 
Paris. : 

Tax Society. 


» Société Académique Indo-Chinoise de Paris. Actes Compte Rendu des Séances, 
Vol. I, pt. 1. (1879), 8vo., Paris. 

Tue Socrery. 

Société Académique IndoChinoise de Paris. Rapport sur la possibilité d’établir 

des relations commerciales entre la France et la Birmanie, par Louis 
Vossion, (1879), Svo. pht., Paris. 


Tar Socrery. 
Penzance.—Transactions of the Royal Geological Society of Cornwall, Vol. X, Part 4. 
(1882), 8vo., Penzance. 
Tre Socrery. 
PHILADELPHIA.~—-Journal of the Franklin Institute, 3rd Series, Vol. LXXXIII, Nos. 2-6. 
(1882 ,) 8vo., Philadelphia. 
THe InstitorE: 
Prga.—Atti della Societa Toscana di Scienze Naturali. Processi Verbali, Vol. III, pp. 29-91. 
(1882 ), 8vo., Pisa. 
Tx Society. 
Romuz.—Atti della R. Accademia dei Lincei, 3rd Series, Transunti, Vol. VI, fasc. 7-12 (1882), 
4to., Roma. 
: THE ACADEMY. 
Saremu.—Bulletin of the Essex Institute, Vol. XIII, Nos. 10-12 (1882), 8vo., Salem. 
Tux Institute. 
Saanenat.—Journal of the North China Branch of the Royal Asiatic Society, Vol. I, No. 
‘ 3; IL, No. I; New Series, Nos. I to IV, and Nos. VI to XVI, pts 1-2, 
(1859 to 1882 ), Svo., Shanghai. 
Tue Society. 
Catalogue of the Library of the North China Branch of the Royal Asiatic 
Society, by Henri Cordier. (1872.), 8vo., Shanghai. 


THE Society. 


Report of the Council of the North China Branch of the Royal Asiatic Society 


Tue Society. 
Sr, Perzerssurc.—Bulletin de L’Académie Impériale des Sciences de St. Pétersbourg, Vol. 
XXVII, No. 8 (1881), 4to., St. Pétersbourg. 
Tue ACADEMY. 
Mémoires de ‘L’Académie Impériale des Sciences de St. Pétersbourg, 
7me Série, Vol. XX VIL, Nos. 8 and 9; and XXIX., Nos.1-3 (1881), 4to., 
St. Pétersbourg. 


Toe ACADEMY, 
Sypnzy.-—Journal and Proceedings of the Royal Society of New South Wales, Vol. XIV, 


(1881 ), 8vo., Sydney, 
Tux Socrery. 
Tonin.—Atti della R. Accademia delle Scienze di Torino, Vol. XVII, Nos, 2-4 (1882), 8vo., 
Torino. 


Toe AcADEMY. 
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Titles of Books. Donors. 
Viswna.—Jahrbuch der kais, kénig. Geologischen Reichsanstalt, Band XXXI, Nos. 2-4 
(1881), 8vo., Wien. 
Tae Instrrvre. 
»  Fiibrerzu den exeursionen der Deutschen Gesellschaft nach der Allgemeinen 
Versammlung in Wien 1877. (1877), 8vo., Wien. 
Tae Inesrircre. 
»  Verhandlungen derk. k. Geologischen Richsanstalt, No. 18 (1881) and Nos. 4-8. 
(1882). (1881-82) 8vo., Wien: 
THe INSTITUTE. 
Yoxouama.—Mittheilungen der Deutschen Gesellschaft fix Natar und Volkerkunde Ostasi- 
ens, Heft. 26. (1882). fisc., Yokohama, 
Tax Socrzry. 


MEMOIRS 


OF THE 


GEOLOGICAL SURVEY OF INDIA. 
PALHONTOLOGIA INDICA. 


(Ser. I, II, V, VI, VII.)—CRETACEOUS FAUNA OF SOUTHERN INDIA. 


Vout. I. The Cephalopoda, by H. F. Branvord and F. Sronrozea (1863-66), pp. 216, pls. 94, 
The Belemnitide and Nautilide, by H. F. Buanvorp, pp. 1-40, pls. 25. (Out of 
print), The Ammonitide, by F. Storiczxa, pp. 41-216, ple. 71 (13 parts) (complete). 

Vou. Il. The Gastropoda, by F. Sroniczxa (1867-68), pp. xiii, 500, pis. 28 (10 parta) complete). 

Vox. III. The Pelecypoda, by F. Sroriczxa (1870-71), pp xxii, 587, pls. 50(18 parts) ease 

Vou, IV. The Brachiopoda, Ciliopods, Echinodermata Corals, &c., by F. SroxiczKa (1872-78), 
pp. v, 202, pls. 29 (5 parts) (complete). 


(Sss. II, XI, XII.)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM. 


Vox. I, pp. xviii, 288, pls. 72 (complete). 
» pt 1 (1863) (im six fasciculi, Nos. 4and5 out of print). Réjmahal Group, Rajmahal 
Hills, by T. OtpHam and J. Morris, pp. 52, pk. 35. 
‘5 » 2 (1877). Same, continued, by O. FRISTMANTEL, pp. 58-162, pls. 36-48. 
cs » 3 (1877). Plants from Golapilli, by O. FeistmanTex, pp. 163-190, pls. 8. 
is » 4 (1879). Outliers on the Madras Coast, by O. Fx1stMANTEL, pp. 191-234, pls. 16. 
Vox. I, pp. xli, 116, pls. 26 (complete). 
» pt. 1 (1876). Jurassic Flora of Kach, by O. FristManrTet, pp. 80, pls. 12. 
» 2 (1878). Flora of the Jabalpur Group, by O, FaistManrEtL, pp. 81-105, pls. 14, 
Vox. IL, pp. xi, 644 149, pls. 64 (9 double) (I-XXX1+I A—XLVII A) (complete). 
» pt. 1 (1879). The Flora of the Talchir-Karharbari beds, by O. FrIstMantex1, pp. 48, 
pis. 27, 
e »» 1 (Supple.) (1881), pp. 49-64, pls. xxvili—xxxi. 
a » 2 (1880). Flora of the Damuda and Panchet Divisions, by O. FEISTMANTSEL, pp. 77, 
pis. 18. 
3 »» 8 (1881), The same (concluded), pp. 78-149, pls, 31 (2 double) (XVII A—XLVII A). 


(Sze. IX.)—JURASSIC FAUNA OF KACH. 
Vor. I (1873-76), The Cephalopods, by W. WaaGeEn, pp. i, 247, pls. 60 (4 parts) (complete). 


(Ser. IV.)—INDIAN PRETERTIARY VERTEBRATA. 


Vox. I, pt. 1 (1865). The Vertebrate Fossils from the Panchet rocks, by T. H. Huxzey, 
pp. 24, pls. 6. 

» 2 (1878). The Vertebrate Fossils of the Kota-Maleri Group, by Sr P. pz M. Guzy 
EeErton and L, C. Mraz, pp. 23, pls. 4. 

» 8 (1879). Reptilia and Batrachia, by RB. LypExxsn, pp. 36, pls. 6. 


” 


(Sze. X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, 


Vou. I, pp. xxx, 300, pls. 46 (complete). 
pt. 1 (1874). Rhinoceros deccanensis, by R B. Foors, pp. 18, pls. 3, 
i » 2 (1877). Molar teeth and other remains of Mammalia, by BR. LYDEKEER, pp. 69 
(19-87), pls. 7 (iv-x). 
» 9 3 (1878). Crania of Ruminants, by R. LypExxER, pp. 84 (88-171), pls, 18 (xi-xxviii). 
» » & (1880). Supplement to py. 3, pp. 10 (172-181), pls. $ (XXI A, B, XXIII A). 
- » © (1880). Siwalik and Narbada Proboscidia, by R. Lypgxxgp, pp. 119 (182-300), 
pls. 19 (xxix-xlv®. 
Vou. II, Pt. 1 (1881). Siwalik Rhinocerotide, by R. LypgsKxxEr, pp. 62, pls. 11. 
me » 2(1881). Supplement to Siwalik and Narbada Proboscidia, pp. 4 (63-66). 
‘ » 3 (1882). Siwahk and Narbada Equida, pp. 32 (67-98), pls. 5 (xi-xv). 


(Sze. VII, XIV.)—-TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN INDIA. 


Vou. J, pt.1 (1871). Tertiary Crabs from Sind and Kach, by F. Sroriczxa, pp. 16, pls. 5. 
mn » 1 (mew 2) (1880). Sind Fossil Corala and Alcyonasria, by P. Mantix Duwoay, 
+ pp- 110, pls. 28. ° 
» 8 The Fossil Echinoidea: Fas. 1 (1882). The fossil Echinoidea from the Cardita 
beaumonti beds, by P. Manrin Duncan and W. Puscy Suapex, pp. 20, pls. 4. 


(Gpntinued on page 2.) 
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Vou. iI. 


Vow. iI. 


Vout. HI. 


Vou, IV. 


Vou. 


Vou. VI. 


Vou, VII, 


You. VIII. 


Vou. IX. 


Vor. X. 


Vox. XI. 


Vou. XI. 


Vou. XU. 


Vou. XIV. 
Vou. XV. 


Vou. XVI. 


Vox. XVII, 


Royal Bvo, pp. 309, 1869. Pt. 1 (owt of print). Pt. 2 (price 2 Rs.): Geology of the 
Khasi Hills.—The Nilghiri Hills. Pt. 8 (price2 Ra.): Gedlogy of Bankoorah, 
Midnapore, and Orissa.—Laterite of Orissa.—-Fossil Teeth of Ceratodus. 

Royal Svo, pp. 341, 1859 (out of print). 

-Royal 8vo, pp. 488. Pt. 1, 1863 (out of print). Pt. 2, 1864 (price 2 Bs.): On the 
Sub-Himalayan Ranges between the Ganges and Sutlej- 

Royal Sve, pp. 450. Pt. 1, 1868 (price 2 Rs.): Report on the Cretaceous Rocks of 
Trichinopoly District, Madras. Pt. 2, 1864 (price 2 Bs.): On the Structure of 
the Districts of Trichinopoly, Salem, &¢, Pt. 8, 1865 (price 1 Re.): On the Coal 
of Assam, &c. 

Royal 8vo, pp. 354. Pt. 1, 1865 (price 3 Rs.}: Sections across N. W. Himalaya 
from Sutlej to Indus.—On the Gypsum of Spiti. Pt. 2, 1866 (price 1 Re.): On 
the Geoldgy of Bombay. Pt. 8, 1866 (price 1 Re.): On the Jheria Coal-field.— 
Geological Observations on Western Tibet. 

Royal 8vo, pp. 895. Pt. 1, 1867 (price 8 As.): On the Neighbourhood of Lynyan, 
&c., in Sind.—Geology of a Portion of Cutch. Pt. 2, 1867 (price 2 Rs.): Bokdro 
Coal-field —Ramgarh Coal-field.—Traps of Western and Central India. Pt. 3, 
1869 (price 2 Re.8 As.):; Tapti and Nerbudda Valleys.—Frog-beds in Bombay.— 
Ozyglossus pusillus. 

Royal Svo, pp. 342. Pt. 1, 1869 (grice8 Re.): Vindhyan Series.—Mineral Statistics 
—Coal.—Shillong Plateau. Pt. 2, 1870 (price 1 Re.): Karharbéri Coal-field.— 
Deoghar Coal-field. Pt, 3, 1871 (price 1 Re.): Aden Water-supply.—Kéraupura 
Coal-fields. 

Royal 8vo, pp. 353. Pt 1, 1872 (price 4 Ra.): On the Kadapah and Karnul 
Formations in the Madras Presidency. Pt. 2, 1872 (price 1 Re.): Itkburi Coal- 
field.—Daltonganj Coal-field.—Chope Coal-field. 

Royal 8vo, pp. iv, 868, . Pt. 1, 1872 (price 4 Rs.) : Geology of Kutch. Pt. 2, 1872 
(price 1 Re.): Geology of Nagpir.—Geology of Sirban Hill.—Carboniferous 
Ammonites, pp. 65. 

Royal 8vo, pp. 359. Pt. 1, 1878 (price 8 Rs.): Geology of Madras.—-Satpira Coal- 
basin, Pt. 2, 1874 (price 2 Rs.): Geology of Pegu. 

Royal Svo, pp. 388. Pt. 1, 1874 (price 2 Rs.) : Geology of Dérjiling and Western 
Diars. Pt. 2, 1876 (price 8 Ra.): Salt-region of Koh&t, Trans-Induas: pp. 230. 
Royal 8vo, pp. 363. Pt.1, 1877 (price 8 Bs.): South Mahrétta Country. Pt. 2, 

1876 ( price 2 Bs.) : Coal-fields of the Naga Hills: pp. 95. . 

Royal Syo, pp. 248. Pt. 1, 1877 (price 2 Re. 8 As.): Wardha Valley Coal-field. 
Ft. 2, 1877 (price 2 Rs.8 As.) : Geology of the Réjmahdél Hills. 

Royal 8vo, pp. 318, 1878. Geology of the Salt-range in the Punjab. 

Royal 8vo, pp. 192. Pt. 1, 1878 (price 2 Rs. 8 As.): Geology of the Aurunga and 
Hutér Coal-fields (Palamow). Pi. 2, 1880 (price 2 Re. 8 As.) : Ramkole and Tatapani 
Coal-fields (Sirguja). 

Royal Svo, pp. 264. Pt. 1,1879 (price 1 Re. 8 As.): Geology of Eastern Coast 

‘from Lat. 15° to Masulipatam, Pt. 2, 1880 (price 1 Re. 8 As.): The Nellore 
Partion of the Carnatic, Pt. 38,1880 (price 2 Rs.): Coastal Region of the Godévari 
District, ‘ 

Royal 8vo, pp. 305. Pt. 1, 1879 (price3 Ba.): Geology.of Western Sind. Ft. 2, 
1880 (price 2 Bs.): Trans-Indus extension of the Panjab Salt-range. 


Vou. XVIIL Royal Syo, pp. 300. Pt. 1, 1881 (price 2 Rs): Southern Afghanistan, Pt. 2, 


1881 (price 1 Be. 8 As.): Manbhém and Singhbhéim. Pt. 8, 188L.(price 2 Es): 
Prénhita-Godévari Valley, | 


Vor, XIX, Pt. 1, 1882 (price 3 Rs.): The Cachar Karthquake af 1969. 


The price fixe for these publications is 6 Rs. (10s.) each volume. 


nnn: * 3 ie, 


‘Manvel of he Gosiogy of Fn at aaa —_ Pt, THT (Hounomic Gealogy) 


x " 


To be bal at Goological Survey Olive, Indligs 
+ Bookiglies.. 


joseem, Cilontta eras a 
Tppiions Tei BO 


Lad 7 ” 
‘ 


